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ABSTRACT 



The information recording medium comprises a sub- 
strate provided with a prepit area and a pregroove area, 
a dye layer on the substrate and a reflecting layer on the 
dye layer, wherein the dye layer is a continuous layer 
formed on both the prepit area and the pregroove area, 
and the prepit area has a high modulation degree not 
less than 50%. Its embodiments are as follows: A me- 
dium in which a difference between an optical thickness 
of the dye layer on the bottom portion of a pregroove or 
a prepit and that of the dye layer on the land portion or 
a portion between prepits is not more than X/8; one in 
which a prepit has a half width of 0.2 to 1.4 u,m and a 
depth of 150 to 400 nm, the pregroove has a half width 
of 0.2 to 1.4 u,m and a depth of 70 to 200 nm, the depth 
of the prepit is larger than the depth of the pregroove 
by not less than A/8; and one in which wherein a rela- 
tionship between a depth of a prepit and a thickness of 
said dye layer on the prepit and that between a depth of 
a pregroove and a thickness of a dye layer on the pre- 
groove satisfies the specific conditions; and one in 
which least one of the prepit area and the pregroove 
area may be present in two or more places are disclosed. 

11 Claims, 11 Drawing Sheets 
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•™™«.._™ ~- that is, the recorded information is reproduced bv de» 

^TcTSSSSr™ ,ec,in * 8 reflec,ed or 8 5 S£ 

HIGH MODULATION DEGREE spending to the change in the optical characteristics of 

BACKGROUND OF THE INVENTION 5 ^bSSSSZ optica, disc with a laser beam for 

1. Field of the Invention recording and reproducing information is generally 
The present invention relates to an information re- made on the predetermined area of the disc surface. In 

cording medium for recording and reproducing infor- order to accurately track the predetermined area for the 

mation by means of a laser beam. irradiation by guiding the laser beam, the surface of the 

2. Description of. Prior Art "> substrate is generally provided with a pregroove (i e 
Information recording media using a beam of high tracking guide) of depressed shape. The pregroove 

energy density such as a laser beam have been devel- generally consists of a single groove in the form of 
oped in recent years, and are now put into practical use. spiral or a set of plural grooves in the form of circle. 
The informatjon recording medium is generally called Further( there has been proposed an information 
optical disc , and can be used as a video disc and an » recording med ium having an inner ROM at^ZS 
audio disc as well as a disc memory for a large-capac ty OMQ „,u vu * • J , vprepn 
computer and a large capacity-static image file. Among Z .SSe^d L ™^^ y t™**™ 
these information recording media, a compact disc (i.e* S^^' *** ?" °T dl " g ? r ° V,ded 
CD) is now widely used as an audio disc for reproof WIth * e above ; mentioned pregroove on which pits for 
ing music or the like. The compact disc is used only for 20 reproducing mformation data are to be formed by irra- 
reproducing information of pit rows having been diatK f D w * h * ^^ ( «^f p ! ne,e Patcnt Provi * 
formed on a substrate in the preparation stage of the Sl0nal Pub,lcat,on 2(1990)-42652). In this information 
disc. In other words, the compact disc is prepared by recording medium, a dye layer for recording the desired 
molding an appropriate plastic material to form pits in information is provided on the outer recording area, 
the spiral form and then providing a metal layer as a 25 while the dye layer is not provided on the prepit area. In 
reflecting layer on the surface thereof. Accordingly, the °| ner w °rds. the information recording medium is pro- 
compact disc is a recording medium for only reproduc- videcl w * tn a dve laver onlv on the recording area and 
ing information. not provided with the dye layer on the prepit area (i.e., 
Reading of information from the optical disc is car- R0M area). Hence, there is a boundary between the 
ried out by irradiating the optical disc with a laser beam 30 area where the dye layer is provided and the area where 
under rotation of the disc. The information is repro- the dye layer is not provided. That is, the boundary is 
duced by detecting variation of the amount of a re- formed at the inner periphery portion of the dye layer, 
fleeted light, the variation being caused by presence or When a pick-up generating a laser beam passes over the 
absence of the pits on the disc. The compact disc used inner periphery portion of the dye layer, tracking error 
for only reproduction of information is so prepared that 35 or focusing error occurs owing to great variation of 
the information is read (reproduced) under rotation of reflectance on the periphery portion. Further, when the 
the disc at a fixed linear speed of 1.2 to 1.4 m/sec ac- dye layer is formed, a thickness of the dye layer at the 
cording to the predetermined CD standard, and CD is periphery portion increase, the shape of the periphery 
requ.red to have a recording time of 74 minutes at Ion- d0 es not become a concentric circle and therefore the 
gest at a track pitch of 1.6 /im using a signal-recording 40 snape apt t0 become ununiform . 
area within a region between an inner diameter of 46 

mm and an outer diameter of 117 mm. SUMMARY OF THE INVENTION 

The audio CD is widely used at present as described Th* ;™*»«t rt ~ i,™ **„a;-a ♦ u* • * r 

u t, f • n i . i «^ , 1 ft e present inventors have stud ed to obtain a infor- 

above. Therefore, commercially available CD p ayers mat inn «w«.h;«„ „ u- u • it * r 

for reproducing mformation from the audio CD are also 45 Z lariat ^ 

widely used, so that the audio CD has been reduced in trthTT.r ^I^^I SkT ^ ^ 

the manufacturing cost in virtue of mass production and J"* ™ ' * ? T V r dye ! ayer) u A J a 

improved also in the quality similarly. reSult ; a dye l ayer 15 continuously formed on both a 

Information recording media of DRAW-type (Direct f, repit a ™ ajld a P re S r ooye area in such a manner that 

Read After Write-type) or WO (Write Once) which can 50 the ' esultmg P r A e P u area shows a modulation degree of 

be written (recorded) with information have been de- " ot less / nan £ 0% / whereb V the above problems have 

veloped and some of them are put into practical use. been * olved * Further . in the conventional information 

The information recording medium (i.e., optical disc) of recording medium, a modulation degree in the pre- 

DRAW-type basically comprises a disc-shaped sub- firo ? ve ™ ea has ^ oeen not sufficiently high. Then, 

strate made of a plastic material or a glass material and 55 b ? forming the dye layer on the pregroove in the same 

a recording layer made of a metal such as Bi, Sn, In and manner as that of the prepit area, the signal recorded on 

Te, a semi-metal or a dye, which is provided on the tne pregroove area have been reproduced with a high 

substrate. Recording of information on the optical disc modulation degree. 

can be carried out by irradiating the disc with a laser * s an object of the present invention to provide an 

beam. The irradiated area of the recording layer of the 60 information recording medium provided with a prepit 

optical disc absorbs energy of the laser beam and rise of area and a pregroove area in which tracking error or 

temperature locally occurs, and as a result, a chemical focusing error hardly occurs when a laser beam passes 

or physical change (e.g., formation of pits) is caused to over the boundary (at the inner periphery portion of the 

alter (or change) optical characteristics of the recording dye layer). 

layer in the irradiated area, whereby information is 65 It is another object of the invention to provide a 

recorded on the recording layer. Reading (i.e., repro- process for advantageously preparing an information 

duction) of information from the optical disc is also recording medium having the above-described excel- 

carried out by irradiating the disc with a laser beam, lent characteristics. 
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There is provjded by the invention an information pregroove to the reflectance of the mirror portion is not 

recording medium comprising a disc-shaped substrate less than 70%. 

provided with a prepit area containing prepits and a (10) The information recording medium wherein 

pregroove area containing a pregroove, a dye layer each of the prepits has a half width of 0.2 to 14 um and 

which is provided on the substrate, said dye layer being 5 a depth of 150 to 400 nm, and the total optical path of an 

a layer for record ing information by forming reproduc- optical path of the substrate and that of the dye layer on 

mg pus thereon under irradiation with a laser beam, and the bottom portion of each of the prepits is longer than 

a reflecting layer made of a metal which is further pro- the total optical path of an optical path of the substrate 

vided on the dye layer, wherein the dye layer is a con- and that of the dye layer on the portion between the 

tinuous layer formed on both the prepit area and the 10 pre p its by not Ie$s than x/g. medium herelfter js 

pregroove area, and the prepit area has a high modula- referred to as "information recording medium (B)" 

tion degree not less than 50%. {n)Tilc i„f ornMtion rec0 rding medium (B) wherein 

In the in vention, modulation degree of the prepit area each of the prepits has a half width of 0.2 to 1 .4 um and 

K S r Jf I ■ fo "° Wing "T"- .< 8 de P ,h of 15010 400 nm : ,he P«groove hasa half width 

The modulation degree (C) is determined from the 15 0 f 0.2 to 1.4 urn and a depth of 70 to 200 nm the depth 
maximum intensity and the minimum intensity of the of each of the prepits is larger than the depth of the 
reproducing signal by the following formula: pregroove by not less than X/8 in terms of optical path; 

and the total optical path of an optical path of the sub- 

C = W- x ioo 20 slrate and ,hat of * e dye ,ayer on ,he bo,t0,r < portion of 

each of the prepits is longer than the total optical path 
. • c „ . . , , . , °f an optical path of the substrate and that of the dve 

wherein SH is the max.mura intensity of the signal, and i ayer on the portion between the prepits by not less than 
SL is the minimum intensity of the signal. x/8. 

Preferred embodiments of the information recording (1 2) The information recording medium (B) wherein 
medium of he invention are the followmg information a half width of each of the prepits is in the range of 0.3 
m ™ ), ( ? ),( • and(D) -. .. u . „ to i.Oum, particularly in the range of 0.35 to 0.7 um. 

(1) The information recording medium wherein d.f- ( i 3 ) The information recording medium (B) wherein 
ference between an optical thickness of the dye layer on a depth of ^ of the prepits is 1 n the 160 , 0 
the bottom portion of each of the prepits and that of the 3 50 nm, particularly 1 70 to 300 nm 

dye layer on the portion between the adjoining prepits (14) The information recording medium (B) wherein 

is not more than X/8. The X being a wavelength of a a half width of the pregroove is in the range of 0.3 to 1 0 

reproducing laser beam (laser beam to be used for re- um , particularly in the range of 0.35 to 0 7 um. 

production). This medium is hereafter referred to as ( , 5) T he information recording medium (B) wherein 

.normat,onre M rd.ngmed,um(Ar. 35 a depth of the pregroove is in the range of 80 to 180 nm, 

(2) The information recording medium (A) wherein particularly 90 to 160 nm 

difference between an optical thickness of the dye layer (16) The information recording medium (B) wherein 

on the bottom portion of the pregroove and that or the the total optical path of an optical path of the substrate 

dye ayer on a land portion is not more than X/8. and that of the dye laycr on the bottom jon ^ 

(3) The information recordmg medium (A) wherein w of the prepils is , onger than the t0(a , Q jca , h of an 
Afference between an optical thickness of the dye layer optica i path of , he sub strate and that of the dye layer on 
on the bottom portion of the prepit and that of the dye the portion between the P repits by not less than X/4 
layer on the portion between the prepits is not more (1 7) The information recording medium (B) wherein 
than X/8 X being a wavelength of a reproducing laser the thickness of the , ion bawm jts . fa 
beam; and difference between an optical thickness of 45 ran ge of 40 to 400 nm 

,hC * l yC t l T*l °!l lh f b0tI ° m ? ? n 'T ° f thC pregroove 0 8) The information recording medium wherein the 

and that of the dye layer on a land portion ,s not more relationship between a depth of each of the prepits and 

^xYu ■ r 1 • j . / a \ v. thickness of the dye layer in the prepit area satisfies the 

(4) The information recording medium (A) wherein a following formula (I)- 
difference between an optical thickness of the dye layer 50 

on the bottom portion of the prepit and that of the dye o.i5XSM,-n^i,50.24X m 

layer on the portion between the prepits is not more 

than X/16. and the relationship between a depth of the pregroove 

(5) The information recording medium (A) wherein and thickness of the dye layer in the pregroove area 
the thickness of the dye layer on the land portion and 55 satisfies the following formula (II): 

the portion between the prepits is in the range of 40 to 

400 nm. 0.02X£n,dj-nrfAtj$0.08X (n) 

(6) The information recording medium (A) wherein 

the pregroove has a half width of 0.2 to 1.4 and a in which n s represents a refractive index of the substrate 

depth of 5 to 70 nm. 60 *V represents a refractive index of the dye layer, dp 

(7) The information recording medium (A) wherein represents a depth of each of the prepits, M p represents 
the prepit has a half width of 0.2 to 1.4 u.m and a depth difference between thickness of the dye layer on the 
of 60 to 300 nm. bottom portion of each of the prepits and that of the dye 

(8) The information recording medium (A) wherein layer on the portion between the adjoining prepits, d 
the depth of the pregroove is shorter than the depth of 65 represents a depth of the pregroove, At^ represents 
the prepit by not less than A/ 16 in terms of optical path. difference between thickness of the dye layer on the 

(9) The information recording medium (A) wherein a bottom portion of the pregroove and that of the dye 
ratio of the reflectance of the bottom portion of the layer on a land portion, and X represents a wavelength 
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of a reproducing laser beam. This medium is hereafter 
referred to as "information recording medium (C) 1 '. 

(19) The information recording medium (C) wherein 
the formula (I) is represented by the following formula 
(HI): 



its, X being a wavelength of a reproducing laser beam; 
and 



O.IA3n/I,-nrf&i,£a22A 



an) 



in which n s , dp, n</, At p and X are the same as defined 
above. 

(20) The information recording medium (C) wherein 
the formula (II) is represented by the following formula 
(IV): 



0.03 A * njg -Tidbi g $ 0.06A 



(IV) 



10 



15 



in which n s , d ? , n</, At 9 and X are the same as defined 
above, 

(21) The information recording medium wherein the 
prepit area is divided into two areas which are arranged 20 
in both sides of the pregroove area. This medium is 
hereafter referred to as "information recording medium 
(D)'\ 

(22) The information recording medium (D) wherein 
the pregroove area is divided into two areas which are 25 
arranged in both sides of the prepit area. 

(23) The information recording medium (D) wherein 
the prepit area and the pregroove area both are divided 
into two more areas, respectively, and the divided 
prepit areas and pregroove areas are arranged in side by 
side. 

(24) The information recording medium (D) wherein 
difference between an optical thickness of the dye layer 
on the bottom portion of each of the prepit s and that of 
the dye layer on the portion between the prepits is not 
more than X/8, and difference between an optical thick- 
ness of the dye layer on the bottom portion of a pre- 
groove and thai of the dye layer on a land portion is not 
more than X/8. 

(25) The information recording medium (D) wherein 
each of the prepits has a half width of 0.2 to 1.4 \im and 
a depth of 1 50 to 400 nm; the pregroove has a half-depth 
width of 0.2 to 1.4 u,m and a depth of 70 to 200 nm; the 
depth of the prepit is larger than the depth of the pre- 
groove by not less than X/8 in terms of optical path; and 
the total optical path of an optical path of the substrate 
and that of the dye layer on the bottom portion of each 
of the prepits is longer than the total optical path of an 
optical path of the substrate and that of the dye layer on 
the portion between prepits by not less than X/8. 

There is further provided by the invention a process 
for the preparation of an information recording medium 
comprising the steps of: 

coating a substrate provided with a prepit area con- 
taining prepits and a pregroove area containing a pre- 
groove with a dye solution having a concentration limit 
of 99 to 20% prepared by dissolving a dye in a solvent 
by means of spin coating, the concentration limit being 
defined as a ratio of a volume of a dye suspension when 
the dye of the dye solution starts to precipitate through 
evaporation of the solvent from the dye solution at the 
coating temperature to an initial volume of the dye 
solution; 

drying the coated layer to form a dye layer in which 
a difference between an optical thickness of the dye 
layer on the bottom portion of the prepit and that of the 
dye layer on the area between the prepits is not more 
than X/8 when the substrate is provided with the prep- 



then providing a reflecting layer made of a metal on 
the dye layer. 

Preferred embodiments of the process for the prepa- 
ration of an information recording medium according to 
the invention are as follows: 

(1) The process for the preparation of an information 
recording medium wherein the dye layer is provided 
such a manner that difference between an optical thick- 
ness of the dye layer on the bottom portion of the pre- 
groove and that of the dye layer on the land portion is 
not more than X/8, X being a wavelength of a reproduc- 
ing laser beam. 

(2) The process for the preparation of an information 
recording medium wherein the dye layer is provided 
such a manner that difference between an optical thick- 
ness of the dye layer on the bottom portion of the pre- 
groove and that of the dye layer on the land portion is 
not more than X/16. 

(3) The process for the preparation of an information 
recording medium wherein the dye layer is provided 
such a manner that difference between an optical thick- 
ness of the dye layer on the bottom portion of the prepit 
and that of the dye layer on the portion between the 
prepits is not more than X/16. 

(4) The process for the preparation of an information 
recording medium wherein a thickness of \ le dye layer 
on the land potion and the portion betwee \ the prepits 
is in the range of 40 to 400 nm. 

(5) The process for the preparation of an information 
recording medium wherein the pregroove has a half 
width of 0.2 to 1.4 jim and a depth of 5 to 70 nm. 

(6) The process for the preparation of an information 
recording medium wherein each of the prepits has a half 
width of 0.2 to 1.4 \im and a depth of 60 to 300 nm. 

(7) The process for the preparation of an information 
recording medium wherein the depth of the pregroove 
is shorter than the depth of the prepit by not less than 
X/16 in terms of optica] path.. 

(8) The process for the preparation of an information 
recording medium wherein the concentration limit of 
the dye solution is in the range of 90 to 50%. 

(9) The process for the preparation of an information 
recording medium wherein the solvent is a single sol- 
vent. 

(10) The process for the preparation of an informa- 
tion recording medium wherein the solvent is a mixture 
of a good solvent for a used dye (preferably a solvent 

50 capable of dissolving the used dye in an amount of not 
less than 2 wt. % at a coating temperature) and a poor 
solvent for the used dye having compatibility with the 
good solvent (preferably a solvent not dissolving the 
used dye in an amount of not less than 2 wt. % at a 
55 coating temperature). 

(11) The process for the preparation of an informa- 
tion recording medium wherein a concentration of the 
dye in the dye solution is in the rang of 0.5 to 15 wt. %. 

(12) The process for the preparation of an informa- 
60 tion recording medium wherein the dye solution is 

coated on the substrate under rotation of the substrate at 
300 to 10,000 r.p.m. at a temperature of 0° to 100° C. 

In the information recording medium of the invention 
having both of a prepit area and a pregroove area on a 
substrate, the dye layer is formed continuously on both 
the pregroove area and the prepit area, and the dye 
layer on the prepit area is so formed as to exhibit a 
modulation degree of not less than 50%. Therefore, any 
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edge portion of the dye layer is not present at the prepit using a dye solution is known, the thicknesses are 

boundary area (gap) between the prepit area and the substituted into the above formulae to obtain depths of 

pregroove area, so that the aforementioned problem prepit and pregroove appropriate for the dye solution 

such as tracking error or focusing error hardly occurs. whereby a medium having a high modulation degree 

Further, the signal reproduced from the medium 5 and reflectance can be easily prepared, too 

shows high modulation degree and high reflectance and Furthermore, the information recording medium (D) 

satisfies CD standard m the prepit area. Thus, the infor- of the embodiment according to the present invention 

mation recording medium shows very excellent charac- has the features of above-mentioned media, so that the 

teristics. medium is a disc of CD compatible type capable of 

In addition, a dye layer is formed on both a prepit 10 being additionally recorded with information, and 

area where prepits have been formed and a recording shows such prominently excellent effects that applica- 

area (a pregroove area) where a pregroove has been ble embodiments and applicable fields can be extremely 

form, and the signal produced from the prepit area widened, a burden of a hardware system can be miti- 

satisfies CD standard. Accordingly, the information gated and the medium can be easily and efficiently pre- 
recording medium of the invention may be applied to a 15 pared. 

wide variety of uses without limitation on the kind of In more detail, the information recording medium 
application software system and utilization thereof. (D) has a plurality of prepit areas and pregroove areas 
Particularly, in the information recording medium provided separately, so that the medium shows various 
(A) of the embodiment according to the present inven- effects. For example, an access time can be shortened 
tion, difference between an optical thickness of the dye 20 because the access distance of a pick-up is short- gap- 
layer on the bottom portion of the prepit and that of the controlling is unnecessary; troublesome controlling for 
dye layer on the portion between the prepits is small, so accurately coating a dye solution from a gap area whose 
that the depth of a depression on the surface of the dye position varies depending on the number or size of the 
layer is sufficiently large even when the depth of the title program is unnecessary during the procedure for 
prepit is made small. Further, difference between an 25 forming a dye layer in the preparation of the optical 
optical thickness of the dye layer on the bottom portion disc; variation of reflectance is very little all over the 
of the pregroove and that of the dye layer on the land disc, so that a burden of a hardware system can be 
portion is small, so that the depth of a depression on the mitigated; the number of copy procedures can be re- 
surface of the dye layer is sufficiently large even when stricted; the recording area can be enlarged; and all 
the depth of the pregroove is made small. Accordingly, 30 procedures can be done in the area having continuous 
there can be obtained reproduced signal showing high optical characteristics, so that a burden of a hardware 
modulation degree of not less than 50% and high reflec- system can be mitigated. 

tance and satisfying CD standard in both the prepit area The process for advantageously preparing an infor- 

and the pregroove area after the medium is irradiated mation recording medium according to the invention 

with a laser beam to record information thereon, and 35 shows such an excellent effect that the process can 

the medium is excellent in the tracking properties. Thus, easily prepare an information recording medium having 

the information recording medium shows very excel- the above-mentioned excellent characteristics utilizing 

lent characteristics. the same means as that conventionally employed ex- 

Moreover, in the case that the information recording cepting a use of a solution for forming a dye layer hav- 

medium (B) of the embodiment according to the inven- 40 ing specific properties which is prepared under control 

tion has both of a prepit area and a pregroove area, the of a kind of a solvent and a concentration of a dye. 
dye layer is formed continuously on both the prepit area 

and the pregroove area. Therefore, the signal repro- BRIEF DESCRIPTION OF DRAWINGS 

duced from the prepit area and a pregroove area re- FIG. 1 is a sectional view schematically showing a 

cording medium shows the similar excellent effects as 45 part of a section of one example of the information 

those of the medium (A). Further, the information re- recording medium (A) according to the invention at the 

cording medium (B) of the invention is provided with prepit area. 

prepits of specific shape, so that the medium can be FIG. 2 is a sectional view schematically showing a 

easily prepared by forming a dye layer on the substrate part of a section of one example of the information 

utilizing conventional methods. 50 recording medium (A) according to the invention at the 

In the other hand, the information recording medium pregroove area. 

(C) of the embodiment according to the invention is FIG. 3 is a sectional view schematically showing a 

prepared such a manner that the relationship between part of a section of a conventional information record- 

the depth of the prepit and the thickness of a dye layer ing medium at the prepit area. 

in the prepit area and a relationship between the depth 55 FIG. 4 is a sectional view schematically showing a 

of the pregroove and the thickness of the dye layer in part of a section of one example of the information 

the pregroove area satisfies the above specific condi- recording medium (B) according to the invention at the 

tions (formulae (I) and (II)). Such information record- prepit. 

ing medium is can be easily prepared and exhibits a high FIG. 5A is a sectional view schematically showing a 

modulation degree of not less than 50%, a high reflec- 60 part of a section of one example of the information 

unce and excellent tracking property. recording medium (C) according to the invention at the 

In more detail, in the case of using a substrate having prepit. 

a new format, depths of its prepit and pregroove are FIG. 5B are a sectional view schematically showing 

substituted into the above formulae to obtain thick- a part of a section of one example of the information 

nesses of a dye layer appropriate for the new substrate, 65 recording medium (C) according to the invention at the 

whereby a medium having a high modulation degree pregroove. 

and reflectance can be easily prepared. In the case that FIGS. 6A to 6E are schematic views showing a struc- 

thicknesses of a dye layer formed on a pregroove and ture of the prepit portion and the pregroove portion and 
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a format thereof comprising the information area and thacrylic acid copolymer, styrene/maleic anhydride 

the recording area in the information recording medium copolymer, polyvinyl alcohol, N-methylol acrylamide 

(D) a ccordmg to the invention. styrene/sulfonic acid copolymer, styrene/vinyl toluene 

FIG. 7 is a schematic view showing a structure of the copolymer, chlorosulfonated polyethylene, nitrocellu- 
prepit portion, the gap portion and the pregroove por- 5 lose, polyvinyl chloride, chlorinated polyolefin, polyes- 

tion and a [format thereof compnsmg the information ter, polyimide, vinyl acetate/vinyl chloride copolymer, 

area and the recording area in the information record- ethylene/vinyl acetate copolymer, polyethylene, poly- 

m iI^T. (D) a i£ 0rdm8 10 the inv ention. propylene, polycarbonate and epoxy resin; organic ma- 

FIGS. 8A to 8G are schematic views showing a terials such as silane coupling agent and titanate cou- 
structure of the prepit portion and the pregroove por- 10 pling agent; and inorganic materials such as inorganic 

tion and a format thereof comprising the control infor- derivative (e.g., Si0 2 , ZnS, A1N and Si 3 N«) and inor- 

mauon area, the information area and the end area in the ganic fluoride (e.g., MgF2). 

information recording medium (D) according to the The undercoat layer can be formed on the substrate, 

,DV ^c n 0 A L ■ for example, by dissolving or dispersing the above-men- 

Flu 5. 9 A to 9C are schematic views showing a struc- 15 tioned material in an appropriate solvent to prepare a 

ture of the prepit portion and the pregroove portion and coating solution or dispersion, and applying the coating 

a format thereof comprising the control information solution or dispersion to the surface of the substrate 

area and the ROM area in the information recording using known coating methods such as spin coating dip 

medium (D) according to the invention. coating and extrusion coating. The thickness of the 

FIGS. 10A to 10D are schematic views showing a 20 undercoat layer is generally in the range of 0.005 to 20 

structure of the prepit portion and the pregroove por- u.m, preferably in the range of 0.01 to 10 >im. 

tion and a format thereof comprising the information In the invention, the surface of the substrate (or sur- 

area, the Q area and the recording area in the informa- face of the undercoat layer) is provided with a pregr- 

tion recording medium (D) according to the invention. rove (tracking groove) for the purpose of favorably 

FIGS. 11A to 11G are schematic views showing a 25 conducting tracking in the recording or reproducing 

structure of the prepit portion and the pregroove por- stage. Further, the surface of the substrate (or surface of 

tion and a format thereof applicable to the conventional the undercoat layer) is provided with prepits (prepit 

information recording medium. area) where various information such as information of 

DETAILED DESCRIPTION OF THE W^** software systems and address signal has 

INVENTION beforehand recorded. 

In the information recording medium (A), each of the 

The information recording medium of the invention prepits has a shape preferably having a depth (i.e., d] in 

has a basic structure comprising a substrate provided FIG. 1 of the attached drawings) in the range of 60 to 

with a pregroove area containing a pregroove and a 300 nm and a half width (i.e., width of prepit at the 

prepit area containing prepits, a dye layer and a reflect- 35 depth of J of a depth of prepit) in the range of 0.2 to 1.4 

ing layer made of a metal, provided in this order. Fur- jim, more preferably a depth of prepit in the range of 70 

ther, the dye layer is a continuous layer formed on both to 250 nm and a half width of prepit in the range of 0.3 

the prepit area and the pregroove area, and the prepit to 1.0 fim, most preferably a depth of prepit in the range 

area has a high modulation degree not less than 50% of 90 to 200 nm and a half width of prepit in the range 

(preferably not less than 60%). 40 of 0.4 to 0.7 jim. 

As embodiments of the information recording me- The pregroove has a shape preferably having a depth 

dium in which the prepit area shows a modulation de- (i.e., djin FIG. 2 of the attached drawings) in the range 

gree of not less than 50%, there are mentioned the infor- of 5 to 70 nm and a half width (i.e., width of pregroove 

mation recording media (A), (B), (C) and (D) as de- at the depth of i of a depth of pregroove) in the range 

scribed above. 45 of 0.2 to 1 .4 u.m, more preferably a depth of pregroove 

At first, the information recording medium (A) is in the range of 15 to 60 nm and a half width of pre- 

prepared in the following manner. groove in the range of 0.3 to 0.7 /xm, most preferably a 

A material of the disc-shaped substrate employable in depth of pregroove in the range of 20 to 50 nm and a 
the invention can be selected from any materials which half width of groove in the range of 0.35 to 0.6 |im. The 
have been employed for substrates of the conventional 50 pregroove may be subjected to wobbling for the pur- 
information recording media. Examples of the substrate pose of addressing or controlling a linear speed, 
materials include glasses, acrylic resins (e.g., poly- The depth of the nregroove is preferably shorter than 
methyl methacrylate), vinyl chloride resins (e.g., poly- the depth of each of the prepits by not less than X/16 (X 
vinyl chloride and vinyl chloride copolymer), epoxy means a wavelength of a reproducing laser beam, and 
resins, polycarbonate resins, amorphous polyolefins and 55 has the same meaning hereinafter) in terms of optical 
polyesters. From the viewpoints of optical characteris- path, more preferably shorter by not less than X/14, 
tics, surface smoothness, processing properties, han- most preferably shorter by not less than X/12. The rea- 
dling properties, stability with time and manufacturing son is that if the depth of the pregroove is made the 
cost, preferred are polycarbonate, polyolefin, glass and same as that of the prepit which has sufficiently high 
polymethyl methacrylate. 60 modulation degree, the reflectance of the pregroove 

On the surface of the substrate where the dye layer is becomes too low. 

to be provided, an undercoat layer may be provided to If the substrate material is plastic, it is preferred to 

improve surface smoothness of the substrate, to enhance form the pregroove or the pregroove and the prepits 

adhesion between the substrate and the recording layer, directly on the surface of the substrate by subjecting the 

to improve resistance of the substrate to solvents and to 65 material to injection molding, extrusion molding or the 

prevent denaturing of the recording layer. Examples of like. Further, a pregroove layer for forming the pre- 

materials for the undercoat layer include polymer mate- groove and the prepits may be provided on the surface 

rials such as polymethyl methacrylate, acrylic acid/me- of the substrate. 
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As materials of the pregroove layer, there can be 
employed a mixture of at least one monomer (or oligo- 
mer) selected from the group consisting of monoester, 
diester, triester and tetraester of an acrylic acid and a 
photopolymerization initiator. 5 

The pregroove layer can be formed on the substrate 
by the process described below. In the first place, a 
mixture liquid of an acrylic acid ester and a photopo- 
lymerization initiator is coated on a precisely prepared 
stamper, and on the coated layer of the liquid is placed 10 
a substrate. Then, the coated layer is cured under irradi- 
ation with ultraviolet rays via the substrate or the 
stamper so as to fix the substrate to the coated layer. 
Thereafter, the substrate is separated from the stamper. 
Thus, a substrate provided with a pregroove layer can 15 
be prepared. The thickness of the pregroove layer is 
generally in the range of 0. 1 to 100 jim, preferably in the 
range of 0.1 to 50 >im. 

On the substrate provided with the pregroove and the 
prepits (or on the pregroove layer), a solvent-resistant 20 
layer may. be provided using the same material as that 
for the aforementioned undercoat layer to protect the 
substrate from a solvent contained in a coating solution 
for the formation of a dye layer. 

A dye layer is provided on the substrate or the under- 25 
coat layer. The information recording medium is irradi- 
ated with a laser beam from the substrate side to form 
reproducing pits on the dye layer, whereby information 
is recorded on the dye layer. Accordingly, the dye layer 
formed on the pregroove area of the substrate serves as 30 
a recording layer. 

There is no specific limitation on the dye employable 
in the invention, and any dyes can be employed. Exam- 
ples of the dyes include cyanine dyes, phthalocyanine 
dyes, naphthalocyanine dyes, pyrrilium dyes, thiopyr- 35 
rilium dyes, azulenium dyes, squalilium dyes, metal 
complex dyes (e.g., Ni and Cr), naphthoquinone dyes, 
anthraquinone dyes, indophenol dyes, indoaniline dyes, 
triphenylmethane dyes, triallymethane dyes, aminium 
dyes, diinmonium dyes, nitroso dyes, leuco dyes and 40 
chloconium dyes. 

These dyes may be of either a WO (Write Once) type 
(i.e., DRAW type) or a RW (Rewritable) type (i.e., a 
reversible type). 
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characterized in that a difference between the optical 
thickness of the dye layer on the bottom portion of each 
of the pregroove and the optical thickness of the dye 
layer on the land portion is not more than X/8. Such 
thicknesses of the dye layer result in a high modulation 
degree of not less than 50%. 

The optical thickness of the dye layer in the above 
information recording medium (A) is described in detail 
hereinafter referring to the attached drawings. 

FIG. 1 is a sectional view schematically illustrating a 
part of a section of one example of the information 
recording medium (A) according to the invention at the 
prepit area. FIG. 2 is a sectional view schematically 
illustrating a part of a section of one example of the 
information recording medium (A) according to the 
invention at the pregroove area. FIG. 3 is a sectional 
view schematically illustrating a part of a section of a 
conventional information recording medium at the pre- 
groove area. 

In FIG. 3, on a surface of a substrate 31 made of 
plastic is formed a dye layer 32 made of a dye, and on 
the dye layer 32 is formed a reflecting layer 33 made of 
a metal. The substrate 31 is provided with a prepit 34. 
The dye layer 32 is a layer prepared by coating a solu- 
tion for the formation of a dye layer having been pre- 
pared by dissolving a dye in a solvent onto the substrate 
through spin coating and drying the coated layer. The 
thickness t* of the dye layer 32 on a bottom portion 36 
of the prepit 34 is larger than the thickness tsof the dye 
layer 32 on a portion 35 between the prepits of the 
substrate 31. As a result, the depth of a depression (pit 
shaped portion) on the interface between the dye layer 
32 and the reflecting layer 33 becomes smaller than the 
depth d3 of the prepit 34. Hence, there arises such a 
problem that a phase difference between the upper part 
of the depression (prepit) of the dye layer 32 and the 
bottom part thereof becomes smaller, whereby the 
modulation degrees of the prepits become low. 

In the case thai the dye layer is formed in the same 
manner as the above on a pregroove area instead of the 
prepit area, there arises the similar problem. That is, 
when a recording pit is formed on the pregroove under 
irradiation with a laser beam to record information, a 
phase difference between the upper part (corresponding 



Preferred are dyes having high absorption for a light 45 to the land portion of the substrate) of the depression of 



within near infrared region of 700 to 900 nm, because a 
semi-conductor laser releasing near infrared rays is 
practically utilized as a recording and reproducing la- 
ser. 

Particularly, cyanine dyes, azulenium dyes and 50 
squalilium dyes are preferred, and among the cyanine 
dyes, naphthoindolenine dyes and imidazoquinoxaline 
dyes are preferred. 

These dyes may be employed singly or in combina 



the dye layer and the bottom pan thereof becomes 
smaller, whereby the modulation degrees of the record- 
ing pits become low. For coping with this problem, the 
depth of the prepit or pregroove is conventionally made 
large. However, if the depth of the prepit or pregroove, 
especially pregroove, is made too large, the reflectance 
of the pregroove portion decreases. 

In FIG. 1, on a surface of a substrate 11 made of 
plastic is formed a dye layer 12 made of a dye, and on 



tion. In the case of using a cyanine dye, it is preferred to 55 the dye layer 12 is formed a reflecting layer 13 made of 



use the above-mentioned metal complex dye, aminium 
dye or diinmonium dye as a quencher in combination 
with the cyanine dye. In this case, the metal complex 
dye or the like is used as a quencher preferably in an 
amount of 0.001 to 0.3 mole per 1 mole of the total 60 
amount of the dyes. 

The information recording medium (A) of the em- 
bodiment is characterized in that a difference between 
the optical thickness of the dye layer on the bottom 
portion of each of the prepits and the optical thickness 65 
of the dye layer on the portion between the prepits is 
not more than X/8, in a prepit area. The information 
recording medium (A) preferably has a pregroove area 



a metal. The substrate 11 is provided with a prepit 14. 
The dye layer 12 is a layer prepared by coating a solu- 
tion for the formation of a dye layer having a specific 
property which has been prepared by dissolving a dye 
in a solvent onto the substrate through spin coating and 
drying the coated solution. A method for preparation of 
the above dye solution is hereinafter described. A dif- 
ference between the optical thickness (n r t2) of the dye 
layer 12 on a bottom portion 16 of the prepit 14, that is, 
n r t2 (n r is a refractive index of the dye layer and t2 is a 
thickness of the dye layer 12 on the bottom portion 16), 
and the optica! thickness (n^ti) of the dye layer 12 on 
the portion 15 between the prepit and its adjoining 
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prepit of the substrate 11, that is, n r tj (n r is a refractive 
index of the dye layer and tj is a thickness of the dye 
layer 12 on the portion 15 between prepits), is not more 
than A/8. As a result, the depth of a depression on the 
interface between the dye layer 12 and the reflecting 
layer 13 is made the same as the depth di of the prepit 14 
or smaller than the depth dj of the prepit 14 by approx. 
not more than A/8 in terms of optical thickness, and 
therefore a phase difference between the surface of the 
dye layer 12 on the bottom portion of the prepit and 
that of the dye layer 12 on the portion between the 
prepits is large, resulting in high modulation degree of 
the prepits. Therefore, even if the dye layer is formed 
on the prepit area of the substrate, the prepits of the 
substrate can be reproduced with a high modulation 
degree of not less than 50%. 

Difference between nrti and n r t2 is preferably not 
more than A/11, more preferably not more than A/13, 
most preferably not more than A/16. 
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A/16, more preferably by not less than A/14, most pref- 
erably by not less than A/12, in terms of optical path 
(n d: n is a refractive index of the substrate and d is a 
depth thereof). 

The thickness of the dye layer on the land portion and 
on the portion between the prepits is preferably in the 
range of 40 to 400 nm, more preferably in the range of 
60 to 300 nm, most preferably in the range of 80 to 250 
nm. 

The dye layer having specific optical path in the 
information recording medium (A), that is, a dye layer 
having such specific optical thickness that difference 
between the optical thickness of the dye layer on the 
bottom portion of the pregroove and the optical thick- 
ness of the dye layer on the land portion is not more 
than A/8, and/or difference between the optical thick- 
ness of the dye layer on the bottom portion of the prepit 
and the optical thickness of the dye layer on the portion 
between prepits is not more than A/8, can be prepared 



In FIG. 2, on a surface of a substrate 21 made of 20 by a process for the preparation of the information 



plastic is formed a dye layer 22 made of a dye, and on 
the dye layer 22 is formed a reflecting layer 23 made of 
a metal. The substrate 21 is provided with a pregroove 
24. The dye layer 22 is a layer prepared by coating a 
solution for the formation of a dye layer having the 25 
above specific property on the substrate through spin 
coating and drying the coated solution. A difference 
between the optical thickness 0vt4> of the dye layer 22 
on a bottom portion 26 of the pregroove 24, that is, nrU 
(n r is a refractive index of the dye layer and Wis a thick- 
ness of the dye layer 22 on the bottom portion 26), and 
the optical thickness (n^t3) of the dye layer 22 on a land 
portion 25 of the substrate 21, that is, iir>U (nris a refrac- 
tive index of the dye layer and t? is a thickness of the dye 



recording medium of the invention. 

In the process of the invention, the formation of the 
dye layer is conducted by dissolving the aforemen- 
tioned dye in a solvent to prepare a dye solution, then 
coating the dye solution over the surface of the sub- 
strate by means of spin coating and drying the coated 
layer of the dye solution. 

The dye solution used in the process of the invention 
is a dye solution having specific property, that is, the 
30 dye solution has a concentration limit of 99 to 20%. In 
this specification, the terms "concentration limit" are 
defined as a ratio of a volume of a dye suspension when 
the dye of the dye solution starts to precipitate through 



evaporation of the solvent from the dye solution at the 
layer 22 on the land portion 25), is not more than A/8. 35 coating temperature to an initial volume of the dye 
As a result, the depth of a depression (groove-shaped solution. For example, when a dye solution prepared by 
portion) on the interface between the dye layer 22 and dissolving a dye in a solvent is kept at a coating temper- 
the reflecting layer 23 is the same as the depth d2 of the ature for forming a dye layer to evaporate the solvent 
pregroove 24 or smaller than the depth d: of the pre- from the dye solution, the volume of the dye solution 
groove 24 by approx. not more than A/8 in- terms of 40 decreases in accordance with the evaporation of the 



solvent, and the dye contained in the dye solution soon 
comes to be precipitated. A dye solution in which the 
volume of the dye solution (dye suspension in a strict 
sense of the word) when the dye starts to precipitate is 
90% of the volume of the initial dye solution, is referred 
to a dye solution of a concentration limit of 90%. 

Accordingly, the concentration limit of the dye solu- 
tion varies depending on various conditions such as 
combination of a dye and a solvent (single solvent or 



optical thickness, and therefore a phase difference be- 
tween the surface of the dye layer 22 on the bottom 
portion and that of the dye layer 22 on the land portion 
is large, resulting in high modulation degree of the re- 
cording pits. When difference between n^ty and nrt4 is 45 
made as mentioned above, the depth d3 of the pre- 
groove 24 can be made small, and thereby the reflec- 
tance of the groove portion increases. 

Difference between n,*t3 and n^t4 is preferably not 
more than A/11, more preferably not more than A/ 13, 50 mixture solvent), kinds and ratio of solvents when two 
most preferably not more than A/ 16. or more solvents are used, dye concentration in the dye 

A ratio of the reflectance of the bottom portion of the solution and a coating temperature. Therefore, a spe- 
pregroove to that of the mirror portion is preferably not cific concentration limit of a dye solution cannot be 
less than 70%, more preferably not less than 80%, most determined for a specific dye in the same rule. How- 
preferably not less than 90%. For increasing the ratio of 55 ever, a dye solution having a desired concentration limit 
the reflectance of the bottom portion to that of the can be easily prepared by the skilled in the art by way of 
mirror portion, it is generally effective that a difference varying the above-mentioned conditions, 
between the optical path of the bottom portion and the The dye solution used in the process of the invention 
optica] path of the land portion is made small. generally has a concentration limit of 99 to 20%, prefer- 

In the information recording medium (A), a reflect- 60 ably 99 to 30%, more preferably 95 to 40%, most pref- 



ing layer is further formed on the above-mentioned dye 
layer, but the effect given by the formation of the dye 
layer having specific relationship in the optical path as 
described above is also brought about an information 
recording medium without a reflecting layer. 

In the relationship between the pregroove and the 
prepit, the depth di of the pregroove is smaller than the 
depth of d2 of the prepit preferably by not less than 



erably 90 to 50%. When the concentration limit of the 
dye solution is more than the upper limit of the above- 
mentioned range, the thickness of the dye layer be- 
comes ununiform. When the concentration limit of the 
65 dye solution is less than the lower limit of the above- 
mentioned range, difference between the optical thick- 
ness of the dye layer on the bottom portion of a pre- 
groove and that of the dye layer on the land portion, or 
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both the above difference and difference between the 
optical thickness of the dye layer on the bottom portion 
of a prepit and that of the dye layer on the portion 
between prepits, becomes larger. 

The solvent used for preparing the above-mentioned 
dye solution may be either a single solvent or a mixture 
solvent of two or more kinds, provided that the solvent 
satisfies the concentration limit of the dye solution. 
When the solvent is a mixture solvent, the mixture sol- 
vent is preferably a mixture of a good solvent for the 
used dye (preferably a solvent capable of dissolving the 
used dye in an amount of not less than 2 wt. % at a 
coating temperature) and a poor solvent for the used 
dye (preferably a solvent not dissolving the used dye in 
an amount of not less than 2 wt. % at a coating tempera- 
ture). In this case, it is required that the good solvent 
and the poor solvent are compatible with each other, 
and the evaporation speed of the poor solvent is not 
higher than the evaporation speed of the good solvent 
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at the coating temperature. As the amount of the poor 20 J sol t o ' 
solvent increases, the concentration limit generally be- y 



resins (e.g., polyvinyl chloride, polyvinyl idene chlo- 
ride, polyvinyl chloride/polyvinyl acetate copolymer 
and polyvinyl alcohol), acrylic resins (e.g., polymethyl 
acrylate and polymethyl methacrylate). and preconden- 
5 sates of thermosetting resins (e.g., epoxy resin, butyral 
resin, rubber derivative and phenol/formaldehyde 
resin). 

Coating of the above-mentioned dye solution over 
the substrate by means of spin coating can be conducted 
10 utilizing known coating devices and known coating 
methods. The dye solution is coated over the substrate 
at a temperature of generally 0' to 100* C, preferably 5' 
to 80' G, more preferably 10* to 60* C The rotation of 
the substrate is carried out at generally 10 to 1,000 
r.p.m., preferably 100 to 500 r.p.m., in the case of coat- 
ing the dye solution over the substrate, and the rotation 
thereof is carried out at generally 300 to 10,000 r.p.m., 
preferably 500 to 7,000 r.p.m., more preferably 700 to 
4,000 r.p.m., in the case of drying the coated layer of the 
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comes larger. 

Examples of the solvents include aromatic hydrocar- 
bon solvents such as benzene, toluene, xylene and ethyl 
benzene; aliphatic hydrocarbon solvents such as hex- 
ane, octane, nonane and cyclohexane; organic acid sol- 
vents such as acetic acid; ester solvents such as ethyl 
acetate, butyl acetate, amy] acetate, and ethylene glycol 
monoethyl ether acetate (cellosolve acetate); ketone 
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In the information recording medium (A), an enhanc- 
ing layer may be provided between the dye layer and a 
reflecting layer which is optionally provided, to en- 
hance the reflectance. 

The material for forming the enhancing layer is pref- 
erably a material having a glass transition temperature 
of 60' to 400* C, preferably 100* to 300* C, more pref- 
erably 100* to 250* C; a melting point of 60° to 500* C, 



solvents such as acetone, methyl ethyl ketone! methyl 50 P refcrab| y I0 °* *<> 400* C » more preferably 100* to 350' 
• - • C, a boiling point or a decomposition point of 80* to 

600* C, preferably 120* to 500* C, more preferably 
120* to 450* C; a refractive index (n) at the wavelength 
the reproducing laser beam of 1.1 to 1.8, preferably 1.2 
35 to 1.7, more preferably 1.3 to 1.6; and an extinction 
coefficient (k) of not more than 0.3, preferably not more 
than 0.1. As the material for forming the enhancing 
layer, any organic materials and any inorganic materials 
can be employed, provided that they have the above- 



isobutyl ketone, diisobutyl ketone and cyclohexanone; 
halogenated hydrocarbon solvents such as dichloro- 
methane, 1,2-dichloroethane, chloroform, methyl chlo- 
roform, trichloroethylene (trichlene), carbon tetrachlo- 
ride, and tetrachloroethylene; ether solvents such as 
tetrahydrofuran, ethyl ether, isopropyl ether, dioxane 
and daigrime; alcohol solvents such as ethanol, n- 
propanol, iso-propanol, n-butanol, amy] alcohol, diace- 
tone alcohol, ethylene glycol monomethyl ether, ethyl- 
ene glycol monoethyl ether, ethylene glycol monobutyl 40 described properties. 



ether, propylene glycol monomethyl ether and benzyl 
alcohol; amide solvents such as dimethylformamide; 
and fluorine-containing solvents such as fluorinated 
alcohol (e.g., 2,2,3,3-tetrafluoropropanol), fluorine-sub- 
stituted ketone, foluorine-substituted ester, fluorine-sub- 45 
stituted amide, fluorine-substituted ether, fluorine-sub- 
stituted aromatic hydrocarbon and fluorine-substituted 
aliphatic hydrocarbon. 

The concentration of the dye in the dye solution is 
not specifically limited in the process of the invention, 
provided that the dye solution satisfies the above-men- 
tioned concentration limit. However, the concentration 
of the dye in the dye solution is generaly 0.5 to 15 wt. 
%, preferably 1 to 10 wt. %, more preferably 1.5 to 8 
wt. %, most preferably 1.5 to 5 wt. %, from the view- 
point of convenience in handling thereof and the forma- 
tion of a dye layer of uniform thickness on the substrate 
through spin coating. 

The coating solution may further contain various 
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The enhancing layer can be formed by means of de- 
position, sputtering, etc. However, it is preferred to 
form the enhancing layer by coating a solution contain- 
ing the above-mentioned material and drying the coated 
solution, because the layer can be formed easily and 
economically. Accordingly, materials preferably used 
for forming the enhancing layer are those capable for 
forming the layer by a coating method, for example, 
polybutadiene, silicone resins and fluorine-containing 
resins. 

There is no specific limitation on the coating method 
for forming the enhancing layer, and any conventional 
coating methods can be employed. For example, a ma- 
terial for forming enhancing layer is dissolved in a sol- 
vent to prepare a coating solution, then the solution is 
coated on the dye layer by means of spin coating or the 
like, and the coated solution is dried to remove the 
solvent so as to form the enhancing layer. The thickness 
(dimensional film-thickness) of the enhancing layer on 



additives such as an antioxidant, a UV-absorbent, a 60 the bottom portion of the prepit sometimes becomes 



plasticizer and a lubricant according to the purpose. 

In the case of using a binder, examples of the binders 
include natural organic polymer materials such as gela- 
tin, dextran, rosin and rubber; and synthetic organic 
polymer materials such as cellulose derivative (e.g., 65 
cellulose acetate and nitrocellulose), hydrocarbon res- 
ins (e.g., polyethylene, polypropylene, polystyrene, 
polyisobutylene and chlorinated polyethylene), vinyl 



larger than that of the enhancing layer on the portion 
between prepits, but even in this case, the optical film- 
thickness of the enhancing layer on the bottom potion 
and that of the enhancing layer on the portion between 
prepits are almost the same, because the refractive index 
of the enhancing layer is small. In the information re- 
cording medium (A), accordingly, the provision of the 
enhancing layer does not give any adverse effect on 
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™ ^-^l. Prepil Si8Ml ' a " d lhC renectance in 8 of a plastic material 011 the reflecting layer via an 
S-T k r u, u , , adhesive layer. Otherwise, the protective layer can be 

tomSMS^^SlS' V,K Ckness of 50 8,50 formed by de P° snin « 0r s P u,,CTin « thc 

to 000 nm both on the bottom portion of the pregroove ganic materials. 

ttlo^™ ^ ^ V h J CkneSS - ° f 5 • ReC ° rding 0f inf0 ™ a ^on on the information record- 

50 to 600 nm both on the land portion and the portion ing medium (A) of the embodiment according to the 

irT 1 ? 7 PltS ' invention is conducted by irradiating the bottom por- 

In the information recording medium (A) of the in- tion of the pregroove with a laser beam from the sub- 
vention, a reflecting layer is further provided on the dye strate side under rotation of the medium at a fixed linear 

y c F * , , 10 s P ced (Preferably 1.2-2.8 m/sec, more preferably 

Examples of materials employable for the reflecting 1.2-1.4 m/sec) to form reproducing pits on the dye 
layer include metals^ and semi -metals such as Be, B, C, layer existing on the pregroove, so as xo record signal 
Sc, Rb, Sr, As ,0s, Ti, At, Fr. Ra^ Mg. Sc. Y. Ti, Zr, Hf, thereon. As the signal, EFM signal of CD format is 
U ^ of' a «' a 0 * 7 ' rn a C ; c 1 ' S Ut £* Preferably recorded from the viewpoint of obtaining 

It in, Cu, Ag Au, Zn. Cd.Al, Ga. In. Si Ge, Te, Pb, 15 the effects of the invention. As the recording light, a 
Po, Sn. Bi and Sb. C, Au, Zn,Cu, Pt. Al, Ni. In and semiconductor laser beam having a wavelength within 
stainless steel are preferred. These materials can be the region of 500 to 900 nm (preferably 750 to 850 nm) 
employed singly or in combination. Alloys thereof can is generally employed. On the information recording 
be also employed in the invention. medium of the invention, information can be recorded 

The reflecting layer can be formed on the dye layer. 20 at a laser power of not more than 10 mW 
for example, by depositing, sputtering or ion plating the Under irradiation with a laser beam, the substrate 
above-mentioned light -reflecting material on the dye and/or the dye generates a heat and is melted, evapo- 
ayer. Particularly it is preferred to form the reflecting rated, subliminated, deformed or denatured, to bring 
layer by means of sputtering. The thickness of the re. about change in the shape (e.g., to give depressed shape 
fleeting ayer is generally in the range of 10 to 300 nm, 25 wavy shape or protruded shape) between the substrate 
preferably in the range of 40 to 200 nm. and the dye. change within the dye layer (e.g., to give a 

When a reflecting layer made of precious metal is cavity), change (e.g.. to give a cavity) between the dye 
provided as the reflecting layer, a metal-adherent layer and the metal reflecting layer, etc., whereby pits are 
such as an Al-adherent layer or an organic material- formed after the above-mentioned recording procedure 
adherent layer can be provided thereon. 30 When CD format signal or the like is recorded on the 

On the reflecting layer, a protective layer may be information recording medium at a fixed linear speed 
provided to physically and chemically protect the using the above-mentioned recording method, excellent 
whole resulting information recording medium, particu- recording and reproducing properties such as high 
larly the dye layer and the reflecting layer. The protec- modulation degree of signal and high C/N of the repro- 
tive layer may be also provided on the surface of the 35 duced signal can be obtained. Further, tracking proper- 
substrate where the dye layer is not provided, to im- ties in the recording stage, particularly tracking proper- 
prove damage resistance and moisture resistance. ties by a push-pull method, can be improved. Moreover 

As materials of the protective layer, there can be since the optical disc has a high reflectance the re- 
mentioned inorganic materials such as SiO, Si0 2 , Si 3 N 4 , corded CD format signal can be reproduced using a 
MgF 2 and Sn0 2 and organic materials such as thermo- 40 commercially available CD player. Further repro- 
plastic resins, thermosetting resins and UV-curable res- duced signal of high modulation degree can* be also 
ins. UV-curable resins are preferred. obtained in the prepit area. 

The protective layer can be formed, for example, by Subsequently, the information recording medium (B) 
dissolving a thermoplastic resin, a thermosetting resin, of the embodiments according to the invention are de- 
etc. to prepare a coating solution, then coating the solu- 45 scribed in detail. 

tion over the reflecting layer, and drying the coated The information recording medium (B) has a basic 
layer of the solution. In the case of using a UV-curable structure comprising a substrate provided with a prepit 
resin, the resin per se or a solution of the resin in an area containing prepits having a specific shape and a 
appropriate solvent is coated over the reflecting layer, pregroove area containing a pregroove, a dye layer and 
and the coated layer is irradiated with ultraviolet rays to 50 a reflecting layer, superposed in this order and shows a 
cure the layer so as to form a protective layer. As the high modulation degree of not less than 50%. The infor- 
UV-curable resin, there can be employed generally mation recording medium (B) preferably a pregroove 
known UV-curable resins which are mixtures of oligo- area containing a pregroove having a specific shape 
mers of (meth)acrylates such as urethane (meth)acry- In the information recording medium (B) a surface of 
late, epoxy (meth)acrylate, polyester (meth)acrylate, 55 the substrate is provided with a prepit area' where vari- 
monomers such as (meth)acrylic esters and photoinitia- ous information such as audio signal, information on 
tors. The coating solution for the formation of a protec- application software systems and address signal has 
tive layer may further contain a variety of additives been previously recorded. 

such as an antistatic agent, an antioxidant and a UV- As materials of the disc-shaped substrate of the infcr- 
absorbent according to the purpose. Among the above- 60 mation recording medium (B), there can be employed 
mentioned materials, UV-curable resin is preferably those described for the disc-shaped substrate of the 
employed as the material of the protective layer. information recording medium (A). 

The thickness of the protective layer is generally in The prepit of the substrate in the information record- 
the range of 0.1 to 100 fxm, preferably in the range of 0.5 ing medium (B) is described in detail hereinafter refer- 
to 20 fxm. 65 ring to the attached drawing. 

Other than the above-described methods, the protec- FIG. 4 is a sectional view schematically illustrating a 
tive layer can be formed by a method of laminating a part of a section of one example of the information 
plastic film having been obtained by extrusion process- recording medium (B) at the prepit. 
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In FIG. 4, on a substrate 41 made of plastic is formed 
a dye layer 42 made of a dye, and on the dye layer 42 is 
formed a reflecting layer 43 made of a metal. The sub- 
strate 41 is provided with a prepit 44. The dye layer 42 
is a layer formed by coating a solution for the formation 
of a dye layer having been prepared by dissolving a dye 
in a solvent and drying the coated layer. For the afore- 
mentioned reason, the thickness tgof the dye layer 42 on 
a bottom portion 46 of the prepit 44 is larger than the 
thickness t7 of the dye layer 42 on the portion 45 be- 
tween the prepit 44 and its adjoining prepit of the sub- 
strate 41. The total optical path of an optical path of the 
substrate and that of the dye layer 42 on the bottom 
portion 46 of the prepit 44 and the total optical path of 
an optical path of the substrate 41 and that of the dye 
layer 42 on the portion 45 between the prepit 44 and its 
adjoining prepit are each determined as follows. 

That is, the optical path OLp\ on the bottom portion 
46 of the prepit 44 is represented by the following for- 
mula: 

OLp\~ npti + n B-<fj>\ 

wherein npis a refractive index of the dye layer 42, n^ 
is a refractive index of the substrate 41, and 6p\ is a 
thickness of the substrate 41 on the bottom portion of 
the prepit. 

The optical path OLu on the portion 45 between the 
prepit 44 and its adjoining prepit is represented by the 
following formula: 

OLu^n&il + nB-dL 

wherein no and n# have the same meanings as defined 
above, and di is a thickness of the substrate 4 1 at the 
portion 45 between the prepits. 
di is represented by the following formula: 

<*l - dpi + ^4 

wherein d* is a depth of the prepit. 

From the above formulae, a difference between 
OL/>i and OLu is represented by the following formula. 

\OLp\~ OL L 1 1 = I n jD-zg - {n&n + n £-d 4 ) I 
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prepits by not less than A/8 (X is a wavelength of a 
reproducing laser beam), preferably not less than A/4, 
In order to make difference between OL/n and OLu 
not less than A/8 in the information recording medium 
(B), the refractive index n^of the dye layer 42 and the 
refractive index n^of the substrate 41 are determined in 
consideration of the thickness t7 and t$ of the dye layer 
42 in such a manner that when the dye layer 42 is 
formed on the substrate having been provided with the 
prepit 44 having the above-described depth d^ the re- 
sulting medium satisfies the following formula. 

|OL*-OL£i|SX/8 
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45 

In the information recording medium (B), the prepit 
44 has a specific shape. That is, the half width (width of 
prepit at a depth of J of the depth of prepit) of the prepit 
44 is in the range of 0.2 to 1.4 ftm, preferably 0.3 to 1.0 
urn, more preferably 0.35 to 0.7 u.m. The depth d4 of the 
prepit 44 is in the range of 150 to 400 nm, preferably 160 
to 350 nm, more preferably 170 to 300 nm. The depth 
d4of the prepit 44 in the information recording medium 
is extremely larger than the depth (generally approx. 
1 10 nm) of a prepit in the conventional CD. 

n/)is generally larger than n^, and in the information 
recording medium (B), the depth d4 of the prepit 44 is 
made extremely larger than a depth of a conventional 
prepit, so that ts is extremely larger than t?, whereby 
OLy>t becomes larger than OL/.1, and a difference be- 
tween OL/>i and OLz.i, namely |OLa>j— OLu |, be- 
comes large. 

The information recording medium (B) is so con- 
structed that the total optical path OLp\ of the optical 
path of the substrate and that of the dye layer on the ^ 
bottom portion of the prepit is larger than the total 
optical path OLu of the optical path of the substrate 
and that of the dye layer on the portion between the 



The values n/>and n^must be determined in consider- 
ation of values t7 and is and a relationship between n^ 
and nj. Though they cannot be determined unequivo- 
cally, a dye having a desired value of n^and a substrate 
material having a desired value of n^can be easily se- 
lected by the skilled in the art in consideration of the 
above-mentioned conditions. 

The dye having a desired value of no and the sub- 
strate material having a desired value of nj determined 
as above are not special ones, and they can be selected 
from those conventionally known. Further, the above- 
mentioned values t7 and tg are each thickness of a dye 
layer prepared by coating a dye solution through a 
conventional coating method. In spite of those conven- 
tional materials and known method, difference between 
OLp\ and OLli can be made not less than A/8 in the 
information recording medium (B) because the prepit is 
so formed as to allow its dimension (particularly its 
depth) to have a value within a specific range. 

In the information recording medium (B), difference 
between OLp\ and OLu is not less than A/8, so that 
when the medium is irradiated with a laser beam to 
reproduce information, the phase difference between 
the portion 45 between prepits and the bottom portion 
^ 46 of the prepit becomes large, and thereby reproduced 
signal having high modulation degree of not less than 
50% can be obtained. 

If the substrate material is plastic, the substrate hav- 
ing the aforementioned prepits and pregroove can be 
prepared by means of injection molding using a 
stamper. 

On the surface of the substrate, a pregroove layer for 
forming the prepits and a pregroove may be provided as 
mentioned above. 

In the above information recording medium (B), the 
pregroove has generally such a shape that the half 
width of a pregroove (i.e., width of pregroove at the 
depth of i of the depth of pregroove) is in the range of 
0.2 to 1.4 ^m, preferably 0.3 to 1.0 fim, more preferably 
0.35 to 0.7 u,m, and the depth of pregroove is in the 
range of 70 to 200 nm, preferably 80 to 180 nm. more 
preferably 90 to 160 nm. The groove may be subjected 
to wobbling for the purpose of addressing or control- 
ling a linear speed. 

The depth of the pregroove is smaller than the depth 
of the prepit on the same substrate by not less than A/8 
(A has the same meaning as defined above) in terms of 
optical path. 

The pregroove can be formed simultaneously with 
the formation of the prepit in the similar manner to that 
for the prepit. 

There is no specific limitation on the dye employable 
for the information recording medium (B) and any dyes 
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described for the information recording medium (A) Subsequently, the information recording medium (C) 

can be employed. of the embodiment according to the invention is de- 

Formation of the dye layer can be conducted by scribed in detail, 

dissolving the dye (and a binder, if desired) in a solvent The information recording medium "(C) has a basic 

to prepare a coating solution, then coating the solution 5 structure has a disc-shaped substrate provided with a 

on the surface of the substrate and drying the coated prepit area containing prepits and a pregroove area 

layer of the solution. containing pregroove, a dye layer containing a dye 

Examples of the solvents employable in the coating which is provided on the substrate and a reflecting layer 

solution for the formation of a dye layer include esters made of a metal which is provided on the dye layer, 
such as ethyl acetate, butyl acetate and cellossolve ace- 10 superposed in this order. The medium also shows a high 

tate; ketones such as methyl ethyl ketone, cyclohexa- modulation degree of not less than 50% in a prepit area, 

none and methyl isobutyl ketone; halogenated hydro- In the medium (C), the relationship between a depth of 

carbons such as dichloromethane, 1,2-dichloroethane each of the prepits and a thickness of the dye layer in 

and chloroform; ethers such as tetrahydrofuran, ethyl the prepit area satisfies the following formula (I): 
ether and dioxane; alcohols such as ethanol, n-propanol, 1 5 

isopropanol and n-butanol; amides such as dimethyl- o. 1 5X^,-0^50.24* {I) 
formamide; and fluorine-containing solvents such as 

2,2,3,3-tetrafuoropropanol. These non-hydrocarbon and tne relationship between a depth of the pregroove 

organic solvents may contain hydrocarbon solvents and a tnic kness of the dye layer in the pregroove area 

such as aliphatic hydrocarbon solvents, alicyclic hydro- 20 the following formula (II): 

carbon solvents and aromatic hydrocarbon solvents in ^ . 

an amount of not more than 50% by volume. o.02A«o,d g - 1*41,3 wwx (n) 

The coating solution may further contain various • „ ~ ♦ 

additives such as an antioxidant, a UV-absorbent, a m Wh,ch n ' re P resents a refractive index of the substrate, 

plasticizer and a lubricant according to the purpose. 25 * J^T"? ^ ° f * C # e Iayer ' d > 

In the case of using a binder, examples of the binders ^ . 1? f ,he ^ re P resems 

include natural organic polymer materials such as gela- ^!Si^rr5^ . ft the 
tin, dextran, rosin and rubber; and synthetic organic 
polymer materials such as cellulose derivative (e.g., w 
cellulose acetate and nitrocellulose) hydrocarbon^, » 

Zins (e.g., polyvinyl chloride, ^yvinylidene chlo- SnKSto ' * WaVC,ength ° f a rCpr °" 

ride, polyvinyl chloride/polyvinyl acetate copolymer 35 na $A is , ^ schematica „ iUustratin _ 

and polyvmyl alcohol) acrylic resms (e.g polymethyl a n of a section of Qne exam the y j£22 

acrylate and polymethyl methacrylate), and preconden- re £ ording medium (C) flt a P jt , p ^ n f™™ 

sates of thermosettmg resms (e.g epoxy resm butyral substrale 51 made of £ rmed a dye ^e, 5 2 

resin rubber derivative and phenol/formaldehyde made of a dyC( and 0 * lhe dy£ layef 52 * f J£* 

reS i n lu *• u a u w ^ 40 reflecting layer 53 made of a metal. The substrate 51 is 

As the coating method, there can be mentioned spray- prov ided with a prepit 54 - 

coating, spin coating, dip coating, roll coating, blade d is lhe d th of the ; . DifTerence between th 

coating, doctor roll coating screen pnnt.ng, etc. Of thickness t, of the dye layer 52 on the bottom portion 55 

these spin coating is preferably employed m order to of eacn of ' the its and the thickness P 

form favorable orientation of the dye. 45 layer on thc ion 56 between * f 

When a binder is used as a material of the dye layer, ^responds to At.of the above formula (I). The thick- 

of 0.01 to 99% (by weight), preferably 1.0 to 95% (by In the prepil area> imensily of signa , gen £ a] , y ^ 

W !£ . ft , , . . . comes larger when the reflectance is zero. Such inten- 

The thickness of the dye layer on the portion between 50 sity can be obtained when the phase difference of the 

prepits is preferaWy in the range of 40 to 400 nm more prepit is \\. However, it is required that the phase dif- 

preferably 60 to 300 nm, most preferably 80 to 250 nm. f ere nce produces push-pill signal for controlling track- 

In the information recording medium (B), an enhanc- ing , and funher lhe intensity of such push . pul i f ignal is 
ing layer may be prodded between the dye layer and a almost equal to that of the push-pull signal of a ore- 
reflecting layer which is optionally provided, to en- 55 groove area in the same disc. In the case that the phase 
nance the reflectance. difference (corresponding to "n^-n^t," in the for- 

In the information recording medium (B), a reflecting mu la (I)) is within a range defined by the formula (I) 

layer is further provided on the dye layer, and a protec- both a high modulation degree and an excellent track- 

tive layer may be further provided on the dye layer or ing are obtained in the prepit area, 

the reflecting layer. Materials and methods for forming 60 FIG. 5B is a sectional view schematically illustrating 

the reflecting layer and the protective layer may be the a part of a section of one example of the information 

same as those described for the information recording recording medium (C) at the pregroove. In FIG. SB, on 

medium (A). a substrate 51 made of plastic is formed a dye layer 52 

Recording of information on the information record- made of a dye, and on the dye layer 52 is formed a 

ing medium (B) and reproduction of information from 65 reflecting layer 53 made of a metal. The substrate 51 is 

the information recording medium (B) can be also car- provided with a pregroove 57. 

ried out in the similar manner to those described for the dj is the depth of the pregroove. Difference between 

information recording medium (A). the thickness d^ of the dye layer 52 on ihe bottom por- 
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tion 58 of the prcgroove and the thickness of the dye In the information recording medium (D), a modula- 
layer 52 on the land portion 59 corresponds to At^of the tion degree of the prepit area is not less than 50%, in 
above formula 01). The thickness t, is generally larger spite that the dye layer is provided on the substrate 
than the thickness t^. having been provided with the prepit area, so that it is 

The pregroove area is generally preferable to have a 5 possible to form the same dye layer on both the prepit 
high reflectance before recorded with information. The area and the pregroove area of the substrate as men- 
high reflectance can be obtained when phase difference tioned previously. By preparing an information record- 
of the pregroove is zero. However, it is required that ing medium using a substrate provided with a prepit 
the phase difference generates push-pull signal for con- area and a pregroove area at least one of which is pres- 
trolling tracking, and further that intensity of such 10 ent in plural places, the prepit areas and the pregroove 
push-pull signal is almost equal to that of the signal of a areas can be allowed to exist in one information record- 
prepit area in the same disc. In the case that the phase ing medium in a mixed state. 

difference (corresponding to "n^dg-n^Atj" in the for- In an conventional information recording medium 
mula (II)) is within a range defined by the formula (II), having a prepit area and a pregroove area, it is impossi- 
both a high modulation degree and an excellent track- 15 ble to provide a dye layer on the prepit area as de- 
ing are obtained in the pregroove area. scribed hereinbefore. Therefore, in order to allow a 

The formula (I) is represented by the following for- plurality of prepit area and pregroove area to exist in a 
mula (III): mixed state, the dye layer must be formed on only the 

pregroove area without forming the dye layer on the 
(MTASmdj-n^so^x (in) 20 prepit area. Though the dye layer is generally formed 

by coating a solution containing a dye over the sub- 
in which n J? d^, n^ M pn and X are the same as defined strate, formation of the dye layer on only the pregroove 
above. area of the substrate is practically difficult. 

The formula (II) is represented by the following for- However, the information recording medium (D) of 
mula (IV): 25 the invention can be prepared by forming a uniform dye 

layer over the whole surface of the substrate through 
o^xsn^-iuAt^om (iv) coating of a dye-containing solution on the substrate 

having been provided with a prepit area and a pre- 
m which n* d*. iw, At g and a are the same as defined groove area (at least one of those being present in plural 
ab 2Y e * ...... 30 P Iac «) "sing a known coating method. Thus, various 

The depth d, of the prepit is preferred m the range of formats can be formed in the recording medium (D) 
80 to 300 nm. The depth dg of the pregroove is preferred which is difficult in the conventional recording me- 
in the range of 10 to 230 nm. The difference At p of the dium. 

thickness of the dye layer on the bottom portion of the Structures of the prepit area and the pregroove area 
prepit and that on the portion between prepits is pre- 35 of the information recording medium (D) according to 
ferred the range of 0 to 120 nm. Further, the difference the invention and embodiments of their format are de- 
M g of the thickness of the dye layer on the bottom scribed referring to the attached drawings, 
portion of the pregroove and that on the land is pre- FIGS. 6A to 10D are schematic views illustrating 
ferred the range of 0 to 120 nm. examples of structures of the prepit area and the pre- 

The materials of a substrate and other layers of the 40 groove area and embodiments of format thereof in the 
information recording medium (C) are employable the information recording medium (D) according to the 
same those as the media (A) and (B), and their prepara- invention. FIG. 11 schematically illustrates structures 
tions can be conducted in the same manner as those of of the prepit portion and the pregroove portion and 
the media (A) and (B). Further, recording and repro- format thereof in a conventional information recording 
ducing of the medium (C) can be conducted in the same 45 medium, 

manner as those of the media (A) and (B). In FIGS. 6A to 11G, P, G and g indicate a prepit 

The above information recording media (A) to (C) area, a pregroove area and a gap, respectively. The 
are prepared by coating a dye solution over an almost information area means an area on which information 
whole surface of a substrate provided with prepits and has been previously recorded. The area is recorded 
a pregroove, and the reproduced signal from the media 50 with information (e.g., program data) by a manufac- 
shows high modulation degrees and high reflectances. turer of the recording medium through master-molding, 
By using basic structures such as a substrate provided etc. The recording area means an area on which a man- 
with the prepit and pregroove having the specific shape ufacturer or a user of the information recording medium 
and a dye layer having the specific thickness provided can be additionally record information after the prepa- 
hereon as shown in media (A) to (C), there can be ob- 55 ration of the medium. On this area, a user can write new 
tained the information recording medium (D) of the data according to the program given by the information 
embodiment according to the invention which has a area, or a manufacturer of the recording medium can 
plurality of the prepit areas and pregroove areas in record on each disc (medium) different information 
combination. such as a user's number. One example of utilization, of 

The information recording medium (D) has a struc- 60 the information area is described below. A plurality of 
ture comprising a disc-shaped substrate provided with a programs are recorded on the information area, and 
prepit area and a pregroove area and a dye layer which permission signal for use of the programs is recorded on 
is provided on the substrate, the dye layer being a layer the recording area in such a manner that some programs 
for recording information by forming reproducing pits among the plural programs can be used but other pro- 
thereon under irradiation with a laser beam, wherein 65 grams cannot be used (i.e., protected) for each particu- 
the prepit area has a modulation degree of not less than lar disc. Thus, several kinds of application discs can be 
50%, and at least one of the prepit area and the pre- prepared by means of only one process of master-mold- 
groove area is present in two or more places. ing. 
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The control information area is an area which is 
sometimes referred to "Read-in", and on this area infor- 
mation for controlling the content of the information 
area (directory information, time information, number 
of information such as number of musics, etc.) has been 
recorded. Otherwise, this area is also an area indicating 
an information-introducing part in CD-DA (Compact 
Disc— Digital to Analog). The end area, which is some- 
times referred to "Read-out", indicates the last part of 
the information area. The control area is an area on 
which various information (e.g., information on forbid- 
dance of copy, information on permission number of 
copy, information on users to whom copy is permitted, 
information on user's machine to which copy is permit- 
ted and information on the number of copy) has been 
recorded, or an area on which those information can be 
recorded. The Q area is an area for adjusting a record- 
ing or reproducing power and/or an area for temporar- 
ily recording information. 

The "Inside" of each figure indicates a central direc- 
tion of the information recording medium, and the 
"Outside" indicates an outer periphery direction of the 
information recording medium. 

A conventional information recording medium 
shown in FIG. 11 A is provided with one information 
area composed of a prepit area and one recording area 
composed of a pregroove area. Between the prepit area 
and the pregroove area, a gap of about several millime- 
ter is formed. In the conventional information record- 
ing medium, a dye layer is formed on only the pre- 
groove area but not formed on the prepit area as de- 
scribed previously, so that the gap is necessarily formed 
therebetween. 

In the information recording medium (D) of the in- 
vention, the same dye layer is formed on both the prepit 35 
area and the pregroove area, so that any gap is not 
formed therebetween. Hence, each of the prepit area 
and the pregroove area can be optionally provided in 
number, size and place. FIGS. 6A to 6E show several 
embodiments of the structure of the prepit area and the 40 
pregroove area in the information recording medium 
according to the invention. For example, the informa- 
tion recording medium shown in FIG. 6A have two 
prepit areas and two pregroove areas each of which is 
provided alternately, and each of those areas forms an 45 
information area 1, a recording area 1, an information 
area 2 and a recording area 2, respectively. This con- 
struction results in that each area can be distributed to a 
different user, for example, the information area 1 and 
the recording area 1 are distributed to a user 1 and the 
information area 2 and the recording area 2 are done to 
a user 2, whereby a multi-user system can be obtained. 
Alternatively, each area can be distributed to a different 
program, for example, the information area 1 and the 
recording area 1 are distributed to a program 1 and the 
information area 2 and the recording area 2 are done to 
a program 2, whereby a multi-program system can be 
obtained. Accordingly, the information recording me- 
dium (D) of the invention shows such excellent effects 
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total number. The number depends on the use purpose 
of the information recording medium and the content of 
the program. 

FIGS. 6A to 6E show embodiments in which any gap 
is not formed between the prepit area and the pregroove 
area, but if necessary, a gap of optional size may be 
formed therebetween. 

In the conventional information recording medium 
shown in FIG. 11 A, a gap of about several millimeter is 
formed between the prepit area and the pregroove area, 
as described previously. On the prepit area, no dye layer 
is formed, and a reflecting layer made of a metal is 
directly formed on the substrate, so that the prepit area 
generally has a reflectance of approx. 92%. On the 
15 other hand, the pregroove area generally has a reflec- 
tance of approx. 84% because a dye layer is provided 
thereon. On the gap area, an edge part of the dye layer 
is present, and therefore the reflectance of the gap area 
is greatly varied within the range of generally approx. 
16 to 84%. Accordingly, when the pick-up passes 
through the gap area under focusing, the pick-up some- 
times deviates from the focused condition. For coping 
with this problem, it is required to add a new control- 
ling system to the hardware device. Moreover, the 
recording capacity of the information recording me- 
dium is made smaller because of presence of the gap. 

In the information recording medium (D) of the in- 
vention, however, even if a gap is intentionally pro- 
vided depending on the purpose, reflectances of all 
areas of the medium are substantially the same because 
a uniform dye layer is formed on all the prepit area, the 
gap area and the pregroove area, as shown in FIG. 7. 
Accordingly, in the case of intentionally providing a 
gap, the pick-up can be kept in the focused condition 
even when the pick-up is moved under focusing. Natu- 
rally, it is possible to provide no gap in the information 
recording medium of the invention as described above. 
Accordingly, the information recording medium (D) of 
the invention can be provided with a gap of optional 
size, if desired, without any trouble. 

A conventional information recording medium 
shown in FIG. 11B is provided with a prepit area all 
over the substrate surface. On the prepit area, a control 
information area, an information area and an end area 
are provided. If a recording area is further provided to 
this recording medium of FIG. 11B, the resulting re- 
cording medium is obliged to take a construction of an 
information recording medium shown in FIG. 11C. In 
the construction of the information recording medium 
of FIG. 11C, however, the recording area exists on the 
outer side of the end area, so that conventional CD 
players can reproduce information of only the prepit 
area. 

In the information recording medium (D) of the in- 
vention, the prepit area and the pregroove area can be 
formed in the optional number at the optional place, as 
shown in FIGS. 8A to 8G. Therefore, the control infor- 
mation area and the general information area can be 
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that reduction of an access time of a pick-up, and ease of 60 optionally provided, and further the end 'area (may' be 



program-controlling and design of system-program are 
made. 

The size of each prepit area and each pregroove area 
may be not less than 1 track, and the total size thereof 
can be enlarged up to the limitation of the capacity of 65 
the information recording medium. Hence, the number 
of the prepit areas and the pregroove areas can be op- 
tionally determined within the range of 3 to 10 7 in a 



either the prepit area or the pregroove area) can be 
provided on the outer periphery side. Accordingly, the 
information recorded on the recording medium of the 
invention can be reproduced using conventional CD 
players. In the information recording medium (D), each 
of the control information area and the general informa- 
tion area can include the prepit area and pregroove area 
in the optional number. 
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A conventional CD is constructed as shown in an 
information recording medium of FIG. 11D. When 
information is copied from the CD by means of a digi- 
tal-digital method, the information can be copied with- 
out deterioration of the information. Therefore, infor- 
mation can be repeatedly copied from the original CD, 
in spite that a copy machine (e.g., DAT) is so treated to 
prohibit repetition of copy for the purpose of protection 
of copyright. Accordingly, protection of copyright is 
insufficient. 

In the information recording medium (D) of the in- 
vention, a pregroove can be formed on an area which is 
not generally used for reproduction and is present on 
the inner periphery side and/or the outer periphery side 
of the ROM area (prepit area) wherein information 
composed of the prepits has been already recorded, and 
a control area can be formed on the pregroove, as 
shown in FIGS. 9A to 9C. On this control area, there 
can be previously recorded information relating to the 
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aforementioned copy using the signal which is not ordi- 20 diameter was prepared. 



naturally, the information recording medium of the 
invention can also take other constructions. 

Examples of the present invention and comparison 
examples are given below, but those examples by no 
means restrict the invention. 

At first, examples 1-12 according to the present in- 
vention, particularly to the information recording me- 
dium (A) of embodiment thereof and comparison exam- 
ples 1-3 are given below, 

EXAMPLE 1 

A disc-shaped polycarbonate substrate (outer diame- 
ter: 120 mm, inner diameter: 15 mm, thickness: 1.2 mm) 
provided with prepits (half width of prepit: 0.6 u,m, 
depth of prepit: 130 nm) having been recorded with 
EFM signal within the region of from 46 mm to 80 mm 
in diameter and a pregroove (track pitch: 1.6 Jim, half 
width of pregroove: 0.55 fim, depth of pregroove: 50 
nm) within the region of from 80 nm to 118 mm in 



narily employed (for example, RSTUVW code of CD 
and wobble signal). 

A conventional information recording medium 
shown in FIG. HE is provided with a pregroove area 
all over the substrate surface. On the pregroove area, a 
control information area, an information area and an 
end area are provided. In the case of previously record- 
ing a part, of information on this recording medium, the 
recording procedure must be made for all media using a 
recording machine, so that a long period of time is 
required for mass duplication. 

Information recording media may be provided with 
the aforementioned Q area. When the Q area is pro- 
vided in the conventional information recording me- 
dium, the resulting information recording medium can 
take only such a construction as shown in an informa- 
tion recording medium of FIGS. 11F or 11G. In the 
construction of the information recording medium 11F, 
a width of the gap is enlarged, and further the pick-up is 



25 



Separately, a dye (I) (refractive index: 2.8) having the 
following formula was dissolved in propylene glycol 
monoethyl ether to prepare a dye solution containing 
2.4 wt, % of the dye (I), 



Dye (!) 




CHttCH 



ao 4 - 




n-C4H 9 



Thus obtained dye solution had a concentration limit 
(critical concentration) of 70% at 23* C. 
The dye solution was kept at 23" C, and the dye 



obliged to pass on access the recording area which has 40 solution was coated over the above-mentioned substrate 



been formed by an inadequate recording method in the 
power-adjusting stage. As a result, the pass of the pick- 
up brings about unfavorable influence on the hardware 
system and the construction does about reduction of the 
recording region. In the construction of the information 45 
recording medium of FIG. 11G, the outer periphery 
area of the recording medium tends to be easily stained 
in the handling procedure, and the substrate on the most 
outer periphery area thereof has a high birefringence so 
that the formed dye layer tends to be made ununi- 50 
formly, resulting in severe problems for the power ad- 
justment. 

The information recording medium (D) of the inven- 
tion can take such constructions as shown in FIGS. 10A 



having a temperature of 23* C. by means of spin coating 
under the rotation of the substrate at 200 r.p.m. for 4 
seconds. Then, the coated layer of the solution on the 
substrate was dried under the rotation of the substrate at 
700 r.p.m. for 30 seconds, to form a dye layer on the 
substrate. 

On the dye layer was formed a reflecting layer made 
of Au having a thickness of 100 nm by means of DC 
sputtering of Au under the conditions of an electric 
power of 480 W, a target-substrate distance of 95 mm, a 
gas pressure of 2 Pa and a rate of 2 nm/sec. 

Then, on the reflecting layer was coated a UV-cura- 
ble resin (trade name: 3070, available from Three Bond 
Co., Ltd.) by means of spin coating at 1,500 r.p.m., and 



60 



to 10D, so that the above-mentioned problems never 55 the layer of the resin was irradiated with ultraviolet rays 
• I..: using a high-voltage mercury lamp to cure the layer, so 

as to form a protective layer having a thickness of 2 jim 
on the reflecting layer. 

Thus, an information recording medium consisting of 
a substrate, a dye recording layer, a reflecting layer and 
a protective layer was prepared. 

The obtained information recording medium was 
measured on the optical thickness of the dye layer on 
the bottom portion of the pregroove, the optica! thick- 
ness of the dye layer on the land portion, the reflectance 
of the mirror portion, the reflectance of the pregroove, 
the reflectance of the pregroove after recording of sig- 
nal and the tracking servo gain by the later-mentioned 



occur even if information relating to power adjustment 
or other inforation is recorded thereon. 

As described in detail hereinbefore, development of 
various constructions can be thought as to CD-compati- 
ble information recording media, but it is practically 
impossible to apply such various constructions to the 
conventional information recording medium. If possi- 
ble, the obtained information recording medium be- 
comes extremely complicated or unstable. However, 
the information recording medium of the invention can 65 
easily take such various constructions. The embodi- 
ments shown in FIGS. 6A to 10D are only examples of 
the information recording medium of the invention, and 
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evaluation methods. The results are set forth in Tables 
1A and IB. 

EXAMPLE 2 

Using the same substrate as used in Example I, a dye 
layer was formed on the substrate in the same manner as 
described in Example 1 except for using a dye solution 
having been prepared by dissolving a dye (II) (refrac- 
tive index: 2.9) having the following formula in a mix- 
ture solvent of 2,2,3,3-tetrafluoropropanol and propy- 
lene glycol monoethyl ether (ratio by volume: 92:8), the 
dye solution containing the dye (II) in an amount of 2.3 
wt. % (the concentration limit of the dye solution at 23° 
C. was 90%). 
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(CH«CH) 2 
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containing the dye 01) in an amount of 2.3 wt. % (the 
concentration limit of the dye solution at 23* C. was 
80%). Then, on the dye layer formed on the substrate, 
a reflecting layer and a protective layer were super- 
posed in order in the same manner as described in Ex- 
ample 1, to prepare an information recording medium. 

The obtained information recording medium was 
evaluated in the same manner as described in Example 
1. The results are set forth in Tables 1A and IB. 

EXAMPLE 7 
Using the same substrate as used in Example I, a dye 
layer was formed on the substrate in the same manner as 
described in Example 1 except for using a dye solution 
having been prepared by dissolving the dye (II) in a 
mixture solvent of 2,2,3,3-tetrafluoropropanol and di- 
isopropyl ketone (ratio by volume: 70:30), the dye solu- 
tion containing the dye (II) in an amount of 2.3 wt. % 
(the concentration limit of the dye solution at 23* C. was 
65%). Then, on the dye layer formed on the substrate, 
a reflecting layer and a protective layer were super- 
posed in order in the same manner as described in Ex- 
ample I, to prepare an information recording medium. 
TKftn rt „ # . , , . , 55 Tne obtained information recording medium was 

Then, on the dye layer formed on the substrate, a 25 evaluated in the same manner as described in Example 
reflecting layer and a protective layer were superposed 1. The results are also set forth in Tables 1 A and IB 
in order in the same manner as described in Example 1, 

to prepare an information recording medium. EXAMPLE 8 

The obtained information recording medium was \w\no th* cam*, cuke*™** « c 1 1 

evaluated in the same manner as described in Example » h ^JfoS™5KS^? a P ' * *** 
1. The results are set forth in Tables 1A and IB. described in^Fi^mnll I J???? ^ C sarne manner as 

described in Example 1 except for using a dye solution 
having been prepared by dissolving the dye (II) in a 
mixture solvent of 2,2,3,3-tetrafluoropropanol and 
35 acetic acid (ratio by volume: 90:10), the dye solution 
containing the dye (II) in an amount of 2.3 wt. % (the 
concentration limit of the dye solution at 23* C. was 
60%). Then, on the dye layer formed on the substrate, 
a reflecting layer and a protective layer were super- 
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EXAMPLE 3 

Using the same substrate as used in Example 1, a dye 
layer was formed on the substrate in the same manner as 
described in Example 1 except for using a dye solution 
having been prepared by dissolving the dye (II) in a 
mixture solvent of 2,2,3,3-tetrafluoropropanol and buta- 
nol (ratio by volume: 70:30), the dye solution containing 



the dye (II) in an amount of 2.3 wt. % (the critical 40 posed in order ,n the s*™ ma ™er as described in Ex- 
ample 1, to prepare an information recording medium. 

The obtained information recording medium was 
evaluated in the same manner as described in Example 
1. The results are set forth in Tables 1A and IB. 



concentration of the dye solution at 23° C. was 90%) 
Then, on the dye layer formed on the substrate, a re- 
flecting layer and a protective layer were superposed in 
order in the same manner as described in Example 1, to 
prepare an information recording medium. 

The obtained information recording medium was 
evaluated in the same manner as described in Example 
1. The results are set forth in Tables 1A and IB. 
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EXAMPLE 9 



Using the same substrate as used in Example 1, a dye 
layer was formed on the substrate in the same manner as 
described in Example 1 except for using a dye solution 
50 having been prepared by dissolving the dye (II) in a 
mixture solvent of 2,2,3,3-tetrafluoropropanol and ethyl 
cellosolve (ratio by volume: 90:10), the dye solution 
containing the dye (II) in an amount of 2.3 wt. % (the 
concentration limit of the dye solution at 23° C. was 
on the substrate in the same manner as described in 55 70%). Then, on the dye layer formed on the substrate, 
Example 1. Thus, an information recording medium a reflecting layer and a protective layer were super- 
was prepared. posed in order in the same manner as described in Ex- 
The obtained information recording medium was ample 1, to prepare an information recording medium, 
evaluated in the same manner as described in Example The obtained information recording medium was 
I. The results are set forth in Tables 1A and IB. 60 evaluated in the same manner as described in Example 



EXAMPLE 5 

Using the same substrate as used in Example 1 except 
that the half width of the prepit was 0.5 jim and the 
depth of the prepit was 90 nm, a dye layer, a reflecting 
layer and a protective layer were superposed in order 



EXAMPLE 6 

Using the same substrate as used in Example I, a dye 
layer was formed on the substrate in the same manner as 
described in Example 1 except for using a dye solution 
having been prepared by dissolving the dye (II) in a 
mixture solvent of 2,2,3,3-tetrafluoropropanol and iso- 
propyl ether (ratio by volume: 90:10), the dye solution 



1. The results are set forth in Tables 1A and IB. 
EXAMPLE 10 

Using the same substrate as used in Example 1, a dye 
65 layer was formed on the substrate in the same manner as 
described in Example 1 except for using a dye solution 
having been prepared by dissolving the dye (II) in a 
mixture solvent of 2,2,3,3-tetrafluoropropanol and butyl 
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cellosolve (ratio by volume: 90:10), the dye solution 
containing the dye (II) in an amount of 2.3 wt. % (the 
concentration limit of the dye solution at 23* C. was 
70%). Then, on the dye layer formed on the substrate, 
a reflecting layer and a protective layer were super- 5 
posed in order in the same manner as described in Ex- 
ample 1, to prepare an information recording medium. 

The obtained information recording medium was 
evaluated in the same manner as described in Example 
1. The results are set forth in Tables 1A and IB. 10 

Using the same substrate as used in Example 1, a dye 
layer was formed on the substrate in the same manner as 
described in Example 1 except for using a dye solution 
having been prepared by dissolving the dye (II) in a 
mixture solvent of 2,2,3,3-tetrafluoropropanol and iso- 15 
amyl alcohol (ratio by volume: 70:30), the dye solution 
containing the dye (II) in an amount of 2.3 wt. % (the 
concentration limit of the dye solution at 23" C. was 
55%). Then, on the dye layer formed on the substrate, 
a reflecting layer and a protective layer were super- 20 
posed in order in the same manner as described in Ex- 
ample 1, to prepare an information recording medium. 

The obtained information recording medium was 
evaluated in the same manner as described in Example 
I. The results are set forth in Tables 1A and IB. 25 

EXAMPLE 12 

The procedures of Example 2 were repeated except 
for replacing the dye (II) with a dye (III) (refractive 
index: 2.7) having the following formula, to prepare an 30 
information recording medium. The dye solution used 
in this process had a concentration limit of 90% at 23" 
C. 



CH=CH— C=CH — CH 
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described in Example 1 except for using a dye solution 
having been prepared by dissolving the dye (II) in 
2,2,3,3-tetrafluoropropanol, the dye solution containing 
the dye (II) in an amount of 2.3 wt. % (the concentra- 
tion limit of the dye solution at 23* C. was less than 
20%). Then, on the dye layer formed on the substrate, 
a reflecting layer and a protective layer were super- 
posed in order in the same manner as described in Ex* 
ample 1, to prepare an information recording medium. 

The obtained information recording medium was 
evaluated in the same manner as described in Example 
1. The results are set forth in Tables 1A and IB. 

COMPARISON EXAMPLE 3 

Using the same substrate as used in Example 1, a dye 
layer was formed on the substrate in the same manner as 
described in Example 1 except for using a dye solution 
having been prepared by dissolving the dye (II) in a 
mixture solvent of 2,2,3,3-tetrafluoropropanol and etha- 
nol (ratio by volume: 70:30), the dye solution containing 
the dye (II) in an amount of 2.3 wt. % (the concentra- 
tion limit of the dye solution at 23* C. was less than 
20%). Then, on the dye layer formed on the substrate, 
a reflecting layer and a protective layer were super- 
posed in order in the same manner as described in Ex- 
ample 1, to prepare an information recording medium. 

The obtained information recording medium was 
evaluated in the same manner as described in Example 
1. The results are set forth in Tables 1A and IB. 

EVALUATION OF INFORMATION 
RECORDING MEDIUM 

Signal was recorded on the bottom portion of the 

Dye (HI) 



The obtained information recording medium was 
evaluated in the same manner as described in Example 45 
1. The results are set forth in Tables 1A and IB. 

COMPARISON EXAMPLE 1 

Using the same substrate as used in Example 1, a dye 
layer was formed in the same manner as described in 50 
Example 1 except that the dye solution was replaced 
with the same dye solution as used in Comparison Ex- 
ample 1 except for using a dye solution having been 
prepared by dissolving the dye (I) in a solvent of 2,2,3,3- 
tetrafluoropropanol, the dye solution containing the 55 
dye (I) in an amount of 2.3 wt. % (the concentration 
limit of the dye solution at 23* C. was less than 20%). 
Then, on the dye layer formed on the substrate, a re- 
flecting layer and a protective layer were superposed in 
order in the same manner as described in Example 1. 60 
Thus, an information recording medium was prepared. 

The obtained information recording medium was 
evaluated in the same manner as described in Example 
1. The results are set forth in Tables 1A and IB. 

COMPARISON EXAMPLE 2 65 

Using the same substrate as used in Example 1, a dye 
layer was formed on the substrate in the same manner as 



pregroove in each of the above-obtained information 
recording media using a disc-evaluation device (NA: 
0.5, laser wavelength: 780 nm) and EFM encoder 
(KEN-WOOD) under the conditions of a laser power 
for recording signal (recording power) of 6 mW and a 
fixed linear speed of 1.3 m/sec. 

1) Optical thickness of the dye layer on the bottom 
portion of the pregroove 

An absolute thickness of the dye layer was measured 
through observation of a section of the recording me- 
dium using an electron microscope of ultra-high resolu- 
tion (S900, produced by Hitachi, Ltd.). A separately 
prepared dye thin film was measured on the reflectance, 
transmittance and absolute thickness, and from these 
results, a refractive index of the dye layer was deter- 
mined. From the above-obtained absolute thickness and 
the refractive index, an optical thickness of the dye 
layer was calculated. 

2) Optical thickness of the dye layer on the land por- 
tion 

The optical thickness of the dye layer on the land 
portion was determined in the similar manner to that of 
the above evaluation method 1). 
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3) Reflectance of the mirror portion 
The reflectance of the mirror portion was measured 

using a reflectance of an Al plate whose reflectance was 
conventionally known as a reference by the use of a 
spectrophotometer (UV130, produced by Shimazu 
Seisakusho, Co., Ltd.). 

4) Reflectance of the pregroove 
The reflectance of the pregroove was measured using 

the above-obtained reflectance of the mirror portion as 
a reference by the use of the above disc evaluation 
device. 

5) Reflectance of the pregroove after recording of 
signal 

The reflectance of the groove after recording of sig- 
nal was determined in the similar manner to that of the 
above evaluation method 4). 

6) Tracking servo gain 

The information recording medium was given oscilla- 
tion from outside using an oscillator, to measure track- 
ing servo gain of the medium by the use of a servo- 
analyzer. The values set forth in Tables 1A and IB are 
values obtained by comparing with tracking servo gain 
of CD. 

7) Optical thickness of the dye layer on the prepit 
portion 

The optical thickness of the dye layer on the prepit 
portion was determined in the similar manner to that of 
the above evaluation method 1). 

8) Optical thickness of the dye layer on the area be- 
tween prepits 

The optical thickness of the dye layer on the area 
between prepits was determined in the similar manner 
to that of the above evaluation method 1). 

9) Modulation degree of signal of 1 IT 
A direct current reproduced signal (signal intensity) 35 

having a recording length of 1 IT out of the recorded 
CD format signal was measured in the signal portion 
and the mirror portion (i.e., non-signal portion), and the 
modulation degree (C) of the reproduced signal was 
determined from the maximum intensity and the mini- 
mum intensity of the reproducing signal by the follow- 
ing formula: 
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Modulation 




Reflectance 


TSG of 


Degree 






Pregroove 


After 


Record- 


(11T) 




Mirror 


ponion 


record' 


ing 


of Prepit 




ponion 


(ratio) 


ing 


Area (%) 


Portion 


Ex. 1 


83.9 


74.2 (88) 


41.8 


— 1.1 


68 


Ex. 2 


81.7 


71.7 (88) 


41.2 


-0.8 


67 


ex. J 


82.2 


72.1 (88) 


40.9 


-0.9 


68 


CX. 4 


84.3 


74i (88) 


42.3 


-1.1 


66 


CX. J 


83.7 


73.8 (88) 


42.1 


-1.1 


61 


Ex.6 


81.9 


71.2 (87) 


41.2 


-0.8 


61 


Ex.7 


82.1 


71.8 (87) 


40.7 


-0.8 


68 


Ex.8 


82.3 


72.3 (88) 


40.9 


-0.9 


64 


Ex.9 


82.4 


71.9 (87) 


40.8 


-0.7 


69 


Ex. 10 


82.1 


71.7 (87) 


40.8 


-0.7 


68 


Ex. 11 


81.7 


72.1 (88) 


41.1 


-0.8 


67 


Ex. 12 


89.2 


79.8 (89) 


49.7 


-0.9 


69 


Com. Ex. 1 


84.2 


79.2 (94) 


44.1 


-2.7 


12 


Com. Ex. 2 


81.8 


77.7 (95) 


43.7 


-2.4 


11 


Com. Ex. 3 


82.3 


78.1 (95) 


44.4 


-2.6 


16 



N«e: 

ratio ■ reflectance of pregroove ponton/reflecunce of mirror portion (%) 
TSG » tracking servo gain 



25 



30 



SH - SL 
SH 



X 100 



wherein SH is a maximum intensity of the signal, 
SL is a minimum intensity of the signal. 

TABLE 1A 



and 





Thickness of Dye layer (nm) 






Bottom 




Bottom 






portion 




ponion 


Ponion 




of 


Land 


of 


between 




Pregroove 


ponion 


Prepit 


Prepits 


Ex. 1 


362 


327 


358 


321 


Ex. 2 


348 


320 


351 


327 


Ex. 3 


343 


318 


347 


313 


Ex.4 


361 


326 


365 


321 


Ex. 5 


358 


324 


359 


320 


Ex. 6 


341 


313 


347 


310 


Ex. 7 


351 


315 


355 


308 


Ex. 8 


343 


318 


349 


304 


Ex.9 


349 


317 


347 


311 


Ex. 10 


341 


309 


348 


301 


Ex. 11 


352 


312 


350 


306 


Ex. 12 


338 


303 


343 


304 


Com. Ex. 1 


348 


212 


352 


208 


Com. Ex. 2 


340 


208 


358 


214 


Com. Ex. 3 


345 


207 


351 


206 



As is evident from the results set forth in Tables 1A 
and IB, the information recording medium (A) accord- 
ing to the invention had such excellent properties that 
both the reflectance of the pregroove and the reflec- 
tance thereof after recording of information were high 
in the pregroove area (information recording area), 
decrease of the tracking servo gain was small, and the 
modulation degree in the prepit area (ROM area) was 
large. 

On the other hand, in the information recording 
media of comparison examples, the reflectance of the 
pregroove and the reflectance thereof after recording of 
information were low, decrease of the tracking servo 
gain was large, and the modulation degree in the prepit 
area (ROM area) was extremely small. 

Subsequently, example 13 according to the present 
40 invention, particularly to the information recording 
medium (B) of embodiment thereof and comparison 
example 4 are given below. 

A disc-shaped polycarbonate substrate (outer diame- 
ter: 120 mm, inner diameter: 15 mm, thickness: 1.2 mm, 
track pitch: 1.6 /xm, refractive index n# 1.58) provided . 
with prepits (half width of each prepits: 0.70 jim, depth 
of each prepits: 240 nm) having been recorded with 
EFM signal which has been formed within a region of 
from 46 mm to 80 mm in diameter and a pregroove 
(track pitch: 1.6 iim, half width of pregroove: 0.60 /un, 
depth of pregroove: 90 nm) which has been formed 
within a region of from 80 mm to 1 18 mm in diameter 
was prepared. 

Separately, a dye (I) having the following formula 
was dissolved in 2,2,3, 3-tetrafluoropropanol to prepare 
a dye solution containing 2.8 wt. of the dye (I). 

Dye (I) 



H=CHttCH 



45 



50 



55 




CIO4- 




n-C 4 H 9 
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The dye solution was coated over the above-men- 
tioned substrate at 23' C. by means of spin coating 
under the rotation of the substrate at 200 r.p.m. for 5 
seconds. Then, the coated layer of the solution on the 
substrate was dried under the rotation of the substrate at 
700 r.p.m. for 30 seconds, to form a dye layer on the 
substrate. 

On the dye layer was then formed a reflecting layer 
made of Au having a thickness of 100 nm by means of 



36 



the substrate and optica! path of the dye layer on the 
portion between prepits, and the modulation degree of 
the prepit signal of 1 IT, by the following evaluation 
methods. 

1) Thickness tg of the dye layer on the bottom portion 
of the prepit 

The thickness tg (absolute film thickness) of the dye 
layer on the bottom portion of the prepit was measured 
through observation of a section of the recording me- 



DC sputtering of Au under the conditions of an electric 10 dium using an electron microscope of ultra-high resolu 



power of 480 W, a target-substrate distance of 95 mm, a 
gas pressure of 2 Pa and a rate of 2 nm/sec. 

Then, on the reflecting layer was coated a UV-cura- 
ble resin (trade name: 3070, available from Three Bond 
Co., Ltd.) by means of spin coating at 1,500 r.p.m., and 
the coated layer was then irradiated with ultraviolet 
rays using a high* voltage mercury lamp to cure the 
coated layer, so as to form a protective layer having a 
thickness of 2 fim on the reflecting layer. 



tion (S900, produced by Hitachi, Ltd.). 

2) Thickness t7 of the dye layer on the area between 
pits 

The thickness t7 (absolute layer thickness) of the dye 
15 layer on the portion between prepits was measured in 
the similar manner to that of the above evaluation 
method 1). 

3) Optical path OL/>i 

A separately prepared thin dye film was measured on 



Thus, an information recording medium consisting of 20 the reflectance, transmittance and absolute thickness, 
a substrate, a dye recording layer, a reflecting layer and and from these results, a refractive index no of the dye 
a protective layer was prepared. layer of each medium was determined. Using thus de- 

The obtained information recording medium was termined refractive index of the dye layer, the optical 
measured on the thickness t 8 of the dye layer on the path OL P \ was calculated by the aforementioned for- 
bottom portion of the prepit, the thickness t7 of the dye 25 mula. 

layer on the portion between prepits, the total optical The portion d/>i of the substrate shown in FIG. 4 is 
path OL/»i of optical path of the substrate and optical common to both the bottom portion of the prepit and 

the portion between prepits, so that each value of the 
optical path OL?\ set forth in Table 2 is a value obtained 
30 by subtracting the optical path of this portion d« from 
the above-obtained optical path. 



path of the dye layer on the bottom portion of the 
prepit, the total optical path OLu of optical path of the 
substrate and optical path of the dye layer on the por- 
tion between prepits, and the modulation degree of the 
prepit signal of 1 IT, by the later-mentioned evaluation 
methods. Further, EFM signal was recorded on the 
pregroove area, and the modulation degree of a signal 
of 1 IT reproduced from the recorded area was mea- 
sured by the later-mentioned evaluation method. The 
results are set forth in Table 2. 

COMPARISON EXAMPLE 4 



4) Optical path OLu 

The optical path length OLu was determined in the 
similar manner to that of the above evaluation method 
35 3). 

5) Modulation degree of reproduced signal of 1 IT 
A direct current reproduced signal (signal intensity) 

having a recording length of 1 IT out of the recorded 
CD format signal was measured in the signal portion 
Using the same disc-shaped polycarbonate substrate 40 and the mirror portion (i.e., non-signal portion), and the 



modulation degree (C) of the reproduced signal was 
determined from the maximum intensity and the mini- 
mum intensity of the reproducing signal by the follow- 
ing formula: 



SH - 51 
SH 



x 100 



as that of Example 13 except that the half width of each 
of prepits having been recorded with EFM signal was 
0.65 >im and the depth of the prepit thereof was 130 nm, 
instead of the substrate of Example 13, a dye layer, a 
reflecting layer and a protective layer were superposed 45 
in order on the substrate in the same manner as de- 
scribed in Example 13. Thus, an information recording 
medium was prepared. 

The obtained information recording medium was 
evaluated in the same manner as described in Example 50 SL is a minimum intensity of the signal. 
13. The results are also set forth in Table 2. 6) Evaluation of the pregroove area 

EVALUATION OF INFORMATION Jl^^L^l^V^ "T ° f tht 

b pmo niur mptmt tm pregroove of each information recording medium using 

RECORDING MEDIUM a discH:valuation device (NA: 0 5> lascr * avelength: 7 & 

Each of the obtained information recording media 55 nm) and EFM encoder (KEN-WOOD) under the con- 
was measured on the thickness \% of the dye layer on the ditions of a laser power for recording signal (recording 



wherein SH is a maximum intensity of the signal, and 



bottom portion of the prepit, the thickness t7 of the dye 
layer on the portion between prepits, the total optical 
path OL/>i of optical path length of the substrate and 
optical path of the dye layer on the bottom portion of 
the prepit, the total optical path OL^j of optical path of 



power) of 6 mW and a fixed linear speed of 1.3 m/sec. 

The modulation degree of a signal of 11 T reproduced 
from the recorded area was measured in the similar 
manner to that of the above evaluation method 5). 

TABLE 2 



Thickness of 
Dye Layer (nm) 
Bottom between 
portion prepits 



Optical Path 
Length (nm) 



Ex. 13 



650 



160 



OL/>, - 
"5 • o> i 
650 



OL L] - 
540 



Modulation Evaluation 

_ Degree (1 IT) of 

of Prepit Recording 

area (%) Area 



74 



65 
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Thickness or 
Dye Layer (nm) 


Optical Path 
Length (nm) 


Modulation 
Degree <1 IT) 


Evaluation 
of 


Bottom between 
portion prepits 


OLfi - OLii - 
n$ • dpi n/j ■ dpi 


of Prepit 
area {9e) 


Recording 
Area 


Com. Ex. 4 400 230 


400 440 


20 or less 





10 



As is evident from the results set forth in Table 2, the 
information recording media of the invention (Exam- 
ples IS to 17) have high modulation degree on the prepit 
area (ROM area) and show excellent characteristics. 

On the other hand, the information recording me- 
dium of comparison example has extremely low modu- 
lation degree on the prepit area. 

Subsequently, examples 14-30 according to the pres- 
ent invention, particularly to the information recording 
media (C) and (D) of embodiments thereof and compar- 
ison examples 5-7 are given below. 



EXAMPLE 14 

A disc-shaped polycarbonate substrate (outer diame- 
ter: 120 mm, inner diameter: 15 mm, thickness: 1.2 mm, 
refractive index: 1.58) provided with a pregroove (track 
pitch: 1.6 urn, half width of pregroove: 0.8 jim, depth of 
pregroove: 37 nm) within the region of from 44 nm to 
47 mm in diameter, prepits (half width of prepit: 0.6 u.m, 
depth of prepit: 110 nm) having been recorded with 
EFM signal within the region of from 47 mm to 70 mm 
in diameter and a pregroove (track pitch: 1.6 fim, half 
width of pregroove: 0.8 jim, depth of pregroove: 37 nm) 
within the region of from 70 nm to 1 16 mm in diameter 
was prepared. 

Separately, 3.25 g of a dye (I) (refractive index: 2.8) 
having the following formula and 0.325 g of a dye (IV) 
having the following formula were dissolved in a mix- 
ture solvent of 2,2,3,3-tetrafluoropropanol 75 ml and 
ethyl cellosolve 25 ml to prepare a dye solution. 



r.p.m. for 30 seconds, to form a dye layer having the 
thicknesses as described below on the substrate. 
15 (1) the bottom portion of the prepit (47-70 mm): 125 nm 

(2) the portion between the prepits (47-70 mm): 120 nm 

(3) the bottom portion of the pregroove (70-1 16mm): 
125 nm 

(4) the land portion of the pregroove (70-116 mm): 120 
20 nm 

On the dye layer within 42 mm to 118 mm in the 
diameter was formed a reflecting layer made of Au 
having a thickness of 100 nm by means of DC sputtering 
of Au under the conditions of an electric power of 200 

25 W and a Ar gas pressure of 2 Pa. 

Then, on the reflecting layer was coaten a UV-cura- 
ble resin (trade name: 3070, available frorfThree Bond 
Co., Ltd.) by means of spin coating at 2D0 r.p.m. and 
allowed to stand at 1,500 r.p.m. for 30 seconds, and the 

30 layer of the resin was irradiated with uftraviolet rays 
using a high-voltage mercury lamp (200 w/cm) to cure 
the layer, so as to form a protective layer having a 
thickness of 2 urn on the reflecting layer. 
Thus, an information recording medium consisting of 

35 a substrate, a dye recording layer, a reflecting layer and 
a protective layer was prepared. 




CH 3 



H=CH-tjCH 



n-OH 9 CIO4- n-CiH? 




Dye (1) 4Q 



45 



(n-C*H 9 ) 2 N 




Dye (IV) 5Q 
N(n-C4H 9 ) 2 



55 



60 



(n-C4H 9 ):N 



N(n-C4H 9 ) 2 



The dye solution was coated over the above-men- 
tioned substrate by means of spin coating under the 65 
rotation of the substrate at 200 r.p.m. for 5 seconds. 
Then, the coated layer of the solution on the substrate 
was dried under the rotation of the substrate at 2000 



EXAMPLE 15 

Using the same substrate as, used in Example 1 4 ex- 
cept that the depth of the prepit was 105 nm and the 
depth of the pregroove was .25 nm, a dye layer having 
the thicknesses as described below on the substrate, a 
reflecting layer and a protective layer were superposed 
in order on the substrate in the same manner as de- 
scribed in Example 14. Thus, an information recording 
medium was prepared. 

(1) the bottom portion of the prepit (47-70 mm): 125 nm 

(2) the portion between the prepits (47-70 mm): 120 nm 

(3) the bottom portion of the pregroove (70-116 mm): 
125 nm 

(4) the land portion of the pregroove (70-116 mm): 120 
nm 

EXAMPLE 16 

Using the same substrate as used in Example 14 ex- 
cept that the depth of the prepit was 115 nm and the 
depth of the pregroove was 40 nm, a dye layer on the 
substrate, a reflecting layer and a protective layer were 
superposed in order on the substrate in the same manper 
as described in Example 14. Thus, an information re- 
cording medium was prepared. The resulting dye layer 
had thicknesses as described below. 

(1) the bottom portion of the prepit (47-70 mm): 125 nm 

(2) the portion between the prepits (47-70 mm): 120 nm 

(3) the bottom portion of the pregroove (70-1 1 6mm)- 
125 nm 

(4) the land portion of the pregroove (70-1 16 mm): 120 
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EXAMPLE 17 ' n a m ' xturc solvent of 2,2,3, 3-tetrafluoropropanol 

68 ml, ethyl cellosolve 25 ml and tetrachloroethane 7 
Using the same substrate as used m Example 14 ex- ml, and then a reflecting layer and a protective layer 
cept that the depth of the prepit was 90 nm, a dye layer were superposed in order on the dye layer in the same 
on the substrate, a reflecting layer and a protective layer 5 manner as described in Example 14. Thus, an informa- 
were superposed m order on the substrate in the same tion recording medium was prepared. The resulting dye 
manner as described in Example 14. Thus, an infonna- layer had thicknesses as described below, 
tion recording medium was prepared. The resulting dye (i) th c bottom j^on of the prepit (47-70 mm): 125 nm 
ft£ ^ ^ „« < 2 > the Portion between the prepits 47-70 mm); 15 nm 

cbot o^ ,onof hcprep.t 4^ ram 125 nm 10 (3) thc bottom portion of the pregroove (70- IfaS 
(2) the poruon between the prepits (47-70 mm): 120 nm 125 nm 

<3) 125 C nm P ° rti0n ° f prCgrO0VC (7 °" 1 16mm): <«> the land portion of the pregroove (70- 116 mm): 115 
(4) the land portion of the pregroove (70-1 16 mm): 1 20 nm 
nm 15 EXAMPLE 20 

EXAMPLE 1 8 Using the same substrate as used in Example 14, a dye 

Using the same substrate as used in Example 14 ex- 5^ * °1 th " ut * tr * e in thc "J mannc ' « 
cept that the depth of the pregroove was 50 nm. a dye d ^ nb< ? m Example 14 except for using a dye solution 

layeronthesubstrate ( arenectbglayerandaprotective 20 nv? *™ prcpar 5 d b * th ' dv « W 

layer were superposed in order on the substrate in the £ V) !" * T » v C „ t 0 f 2,2,3,3-tetrafluoropropanol 

same manner as described in Example 14. Thus, an ™ m1 ' Cth u yI celIo « ,lve 20 ml and tetrachloroethane 10 

information recording medium was prepared. The re- m1, and thcn a « flectol 8 lavcr and * protective layer 

suiting dye layer had thicknesses as described below. wcrc ^P^P 08 *? ,n order ™ the dye layer in the same 

(1) the bottom portion of the prepit (47.70 mm; 125 nm 25 manner 88 dcscnbcd ,n Sample 14. Thus, an informa- 

(2) the portion between the prepits (47-70 mm): 120 nm ! lon rc l cord J n g medium was prepared. The resulting dye 

(3) the bottom portion of the pregroove (70- 11 6mm): laycr had thlckn «*« « described below. 

1 2 5 nm ( 1 ) the bottom portion of the prepit (47-70 mm): 1 25 nm 

(4) the land portion of the pregroove (70-1 16 mm): 120 (2) the Portion between the prepits (47-70 mm): 1 10 nm 
nm 30 < 3 ) tne °°ttom portion of the pregroove (70- 11 6mm): 

125 nm 

COMPARISON EXAMPLE 5 (4) the land portion of the pregroove (70-116 mm): 110 
Using the same substrate as used in Example 14 ex- nm 
cept that the depth of the prepit was 170 nm and the EXAMPLE 21 

depth of the pregroove was 80 nm, a dye layer on the 35 

substrate, a reflecting layer and a protective layer were Using the same substrate as used in Example 14 ex- 
superposed in order on the substrate in the same manner cc P f tnat tne depth of the prepit was 170 nm and the 
as described in Example 14. Thus, an information re- depth of the pregroove was 80 nm, a dye layer was 
cording medium was prepared. The resulting dye layer formed on the substrate in the same manner as described 
had thicknesses as described below. 40 m Example 14 except for using a dye solution having 

(1) the bottom portion of the prepit (47-70 mm): 125 nm ^en prepared by dissolving the dyes (I) and (IV) in a 

(2) the portion between the prepits (47-70 mm): 120 nm single solvent of 2,2,3, 3-tetrafluoropropanol 100 ml, and 

(3) the bottom portion of the pregroove (70-1 16mm): tnen a reflecting layer and a protective layer were su- 
125 nm perposed in order on the dye layer in the same manner 

(4) the land portion of the pregroove (70-116 mm): 120 45 as described in Example 14. Thus, an information re- 
nin cording medium was prepared. The resulting dye layer 

rn w PAD icMM rvAUDi r: c had thi <*nesses as described below. 

COMPARISON EXAMPLE 6 (1) the bottom portion of the prepit { ^ 1Q ^ ]}$ nm 

Using the same substrate as used in Example 14 ex- (2) the portion between the prepits (47-70 mm): 95 nm 
cept that the depth of the prepit was 80 nm and the 50 0) the bottom portion of the pregroove (70-1 16mm): 
depth of the pregroove was 50 nm, a dye layer on the 125 nm 

substrate, a reflecting layer and a protective layer were W the land portion of the pregroove (70-1 16 mm): 95 
superposed in order on the substrate in the same manner nm 

as described in Example 14. Thus, an information re- pompa d tqom cy 

cording medium was prepared. The resulting dye layer 55 COMPARISON EXAMPLE 7 

had thicknesses as described below. Using the same substrate as used in Example 14, a dye 

( 1 ) the bottom portion of the prepit (47-70 mm): 1 25 nm layer was formed on the substrate in the same manner as 

(2) the portion between the prepits (47-70 mm): 120 nm described in Example 14 except for using a dye solution 

(3) the bottom portion of the pregroove (70- 11 6mm): having been prepared by dissolving the dyes (I) and 
125 nm 60 (IV) in a mixture solvent of 2,2,3,3-tetrafluoropropanol 

(4) the land portion of the pregroove (70-116 mm): 120 45 ml, ethyl cellosolve 40 ml and tetrachloroethane 15 
nm rnl, and then a reflecting layer and a protective layer 

EXAMPLE 19 WCre su P er P° sed in order on the dye layer in the same 

manner as described in Example 14. Thus, an informa- 
Using the same substrate as used in Example 14, a dye 65 tion recording medium was prepared. The resulting dye 
layer was formed on the substrate in the same manner as layer had thicknesses as described below, 
described in Example 14 except for using a dye solution (1) the bottom portion of the prepit (47-70 mm): 125 nm 
having been prepared by dissolving the dyes (I) and (2) the portion between the prepits (47-70 mm): 105 nm 



02/24/2004, EAST version: 1.4.1 



41 



5,274,623 



(3) the bottom portion of the pregroove (70-1 16mm): 
125 nm 

(4) the land portion of the pregroove (70-1 16 mm): 105 
nm 

EXAMPLE 22 

Using the same substrate as used in Example 14 ex- 
cept that the depth of the prepit was 140 nm and the 
depth of the pregroove was 60 nm, a dye layer was 
formed on the substrate in the same manner as described 
in Example 14 except for using a dye solution having 
been prepared by dissolving the dyes (I) and (IV) in a 
mixture solvent of 2,2,3, 3-tetrafluoropropanoI 45 ml, 
ethyl cellosolve 40 ml and tetrachloroethane 15 ml 
ethyl cellosolve 40 ml and tetrachloroethane 15 ml, and 15 
then a reflecting layer and a protective layer were su- 
perposed in order on the dye layer in the same manner 
as described in Example 14. Thus, an information re- 
cording medium was prepared. The resulting dye layer 
had thicknesses as described below. 20 

(1) the bottom portion of the prepit (47-70 mm): 130 nm 

(2) the portion between the prepits (47-70 mm): 105 nm 

(3) the bottom portion of the pregroove (70-1 16mm): 
125 nm 

(4) the land portion of the pregroove (70-1 16 mm): 105 25 
nm 

EXAMPLE 23 

Using the same substrate as used in Example 14 ex- 
cept that the depth of the prepit was 180 nm and the 30 
depth of the pregroove was 95 nm, a dye layer was 
formed on the substrate in the same manner as described 



42 



CH, 




Oh 



(CH=CH) 2 



CIO4- 




Dye II 



EXAMPLE 24 

Using the same substrate as used in Example 14 ex- 
cept that the depth of the prepit was 250 nm and the 
depth of the pregroove was 165 nm, a dye layer was 
formed on the substrate in the same manner as described 
in Example 14 except for using a dye solution having 
been prepared by dissolving 2.6 g of a dye (ill) as de- 
scribed below and 0.26 g of the dye (IV) in a single 
solvent of 2,2,3,3-tetrafluoropropanol 100 ml, and then 
a reflecting layer and a protective layer were super- 
posed in order on the dye layer in the same manner as 
described in Example 14. Thus, an information record- 
ing medium was prepared. The resulting dye layer had 
thicknesses as described below. 

(1) the bottom portion of the prepit (47-70 mm): 210 nm 

(2) the portion between the prepits (47-70 mm): 120 nm 
the bottom portion of the pregroove (70-1 16mm): 200 

nm 

(4) the land portion of the pregroove (70-1 16 mm): 120 




Dye (III) 



CHj CIO4- CH 3 



50 



in Example 14 except for using a dye solution having 
been prepared by dissolving 1.75 g of a dye (II) as de- 55 
scribed below and 0.175 g of the dye (IV) in a single 
solvent of 2,2,3,3-tetrafluoropropanol 100 ml, and then 
a reflecting layer and a protective layer were super- 
posed in order on the dye layer in the same manner as 
described in Example 14. Thus, an information record- 60 
ing medium was prepared. The resulting dye layer had 
thicknesses as described below. 

(1) the bottom portion of the prepit (47-70 mm): 145 nm 

(2) the portion between the prepits (47-70 mm): 100 nm 

(3) the bottom portion of the pregroove (70-1 16mm): 65 
140 nm 

(4) the land portion of the pregroove (70-1 16 mm): 100 
nm 



EXAMPLE 25 
Using the same substrate as used in Example 14 ex- 
cept that the depth of the prepit was 105 nm and the 
depth of the pregroove was 30 nm, a dye layer was 
formed on the substrate in the same manner as described 
in Example 14 except for using a dye solution having 
been prepared by dissolving the dyes (I) and (IV) in a 
mixture solvent of 2,2,3,3-tetrafluoropropanol 75 ml, 
propylene glycol monomethyl ether 20 ml and tetra- 
chloroethane 5 ml, and then a reflecting layer and a 
protective layer were superposed in order on the dye 
layer in the same manner as described in Example 14. 
Thus, an information recording medium was prepared. 
The resulting dye layer had thicknesses as described 
below. 

(1) the bottom portion of the prepit (47-70 mm): 125 nm 

(2) the portion between the prepits (47-70 mm): 125 nro 

(3) the bottom portion of the pregroove (70-1 16mm)- 
125 nm 

(4) the land portion of the pregroove (70-1 16 mm): 125 
nm 
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EXAMPLE 26 on ^ c * ayer * n s * mt manncr M described in 

Example 14. Thus, an information recording medium 
Using the same substrate as used in Example 14 ex- was prepared. The resulting dye layer had thicknesses 
cept that the depth of the pregroove was 35 nm, a dye as described below. 

layer was formed on the substrate in the same manner as 5 (j) the bottom portion of the prepit (47-70 mm): 140 nm 

described in Example 14 except for using a dye solution (2) thc p^on ^tween the prepits (47-70 mm): 135 nm 

having been prepared by disso ving the dyes (I) and (3) the ^nom portion of the pregroove (70-1 16mm): 

(TV) in a mixture solvent of 2,2,3,3-tetrafluoropropanoI 140 nm 

75 ml diisobutyl ketone 20 ml and tetrachloroethane 5 (4) the , and rtion of thc prcgroovc (7(M16 mm): l35 

ml, and then a reflecting layer and a protective layer 10 nm ' 
were superposed in order on the dye layer in the same 

manner as described in Example 14. Thus, an informa- EVALUATION OF INFORMATION 

tion recording medium was prepared. The resulting dye RECORDING MEDIUM 

layer had thicknesses as described below. ,™ f . • , . . . L 

(1) the bottom portion of the prepit (47-70 mm): 125 nm 15 f . CD f ^ S,gnaI ^k™ 00 "" ° n thc *> n ™P<"- 

(2) the portion between the prepits (47-70 mm : 122 nm t,0 " of thc P"groove in the outside region from 72 mm 

(3) the bottom portion of the pregroove (70-116mm): '"^^meter of the information recording medium ob- 
125 nm lained In thc abovc usm 8 8 disc-evaluation device 

(4) the land portion of the pregroove (70-1 16 mm): 122 P^UIOOO, available from Pulsteck Co.. Ltd.: NA: 0.5, 
nm 20 Scr wavcIen 8 ln: 7 8° nm) under the conditions of a 

laser power for recording signal (recording power) of 

EXAMPLE 27 7.4 mW and a fixed linear speed of 1.4 m/sec. 

Using the same substrate as used in Example 14, a dye ^ Modulation degree of the prepit area and the pre- 

layer was formed on the substrate in the same manner as groove area 

described in Example 14 except for using a dye solution 25 Modulation degree of the prepit area was evaluated at 

having been prepared by dissolving the dyes (I) and a location of 66 mm in diameter of the medium and the 

(IV) in a mixture solvent of 2,2,3,3-tetrafluoropropanoI that of pregroove area was done at a location of 72 mm, 

75 ml, ethylcaprilate 20 ml and tetrachloroethane 5 ml, The signal of the medium was reproduced using the 

and then a reflecting layer and a protective layer were above device under the conditions of a laser power for 

superposed in order on the dye layer in the same man- 30 reproduction of 0.5 mW and a fixed linear speed of 1.4 

ner as described in Example 14. Thus, an information m/sec. A direct current reproduced signal (signal intcn- 

recording medium was prepared. The resulting dye s * tv ) was measured in the each location, and the modu- 

layer had thicknesses as described below, lation degree (C) of the reproduced signal was deter- 

(1) the bottom portion of the prepit (47-70 mm): 125 nm mined from the maximum intensity and the minimum 

(2) the portion between the prepits (47-70 mm); 122 nm 35 intensity of the reproducing signal by the following 

(3) the bottom portion of the pregroove (70-1 16mm): formula: 
125 nm 

(4) the land portion of the pregroove (70-1 16 mm): 122 sh - sl 

nm SH x 100 



EXAMPLE 28 



40 



wherein SH is a maximum intensity of the signal, and 
Using the same substrate as used in Example 14, a dye SL is a minimum intensity of the signal, 
layer was formed on the substrate in the same manner as 2) Reflectance of the pregroove area 
described in Example 14 except for using a dye solution An average voltage (Ig) of Current reproducing sig- 
having been prepared by dissolving the dyes (I) and 45 nal was measured on the unrecorded pregroove area at 
(IV) in a mixture solvent of 2,2,3,3-tetrafluoropropanoI a location of 71 mm in diameter under reproduction of 
75 ml, 1-pentanol 20 ml and tetrachloroethane 5 ml, and the medium. Reflectance (Ro) of a commercially avail- 
then a reflecting layer and a protective layer were su- able CD was measured in its most inside mirror area and 
perposed in order on the dye layer in the same manner the voltage (Io) of the mirror area was measured in the 
as described in Example 14. Thus, an information re- 50 same manner as the above to calculate reflectance of the 
cording medium was prepared. The resulting dye layer pregroove area of the medium from the following for- 
had thicknesses as described below. mula. 

(1) the bottom portion of the prepit (47-70 mm): 125 nm 

(2) the portion between the prepits (47-70 mm): 122 nm Reflectance »(/g//o)x*ox 100 

(3) the bottom portion of the pregroove (70-1 16mm): 55 

125 nm 3) Rate of variation of push-pull signal 

(4) the land portion of the pregroove (70-116 mm): 122 The signal of the resulting recording media was re- 
nm produced using the above device, and tracking error 

EXAMPLE 29 signal generated in the prepit area and pregroove a/ea 

60 was measured. Using a maximum amplitude A and a 

Using the same substrate as used in Example 14, a dye minimum amplitude B obtained by the measurement in 

layer was formed on the substrate in the same manner as each area, the rate of variation was calculated from the 

described in Example 14 except for using a dye solution following formula, 
having been prepared by dissolving 3.25 g of the dye 

(II) and 0.325 g of the dye (IV) in a mixture solvent of 65 K*\t=ix{A-B)/(A+B) 
2,2,3,3-tetrafluoropropanoI 82 ml, ethyl cellosolve 13 

ml and tetrachloroethane 5 ml, and then a reflecting The above results "are set forth in Tables 3A and 3B. 
layer and a protective layer were superposed in order 
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Dye 






Solvent (ml) 






d. 


Alp Al $ 




Kind 


Amount (g) 


a 


b 


c d e 


f B 


(nm) 


(nm) 




1/1 V 


3.25/0.325 


75 


20 


5 




110 


37 


5 5 


E*. 15 


I/IV 




fj 


i\J 


5 




105 


25 


5 5 


Ex. 16 


I/IV 




t< 

ij 


20 


5 




115 


40 


5 5 


Ex. 17 


1/IV 




/ J 




5 




90 


37 


5 5 


C>X. IB 


I /TV 


3.25/0.325 


75 


20 


5 




110 


50 
80 


5 5 


com. 3 


1/1 V 


3.25/0.325 


75 


20 


5 




170 
80 


5 5 


coin, o 


1/1 V 


3.25/0.325 


75 


20 


5 




16 


5 5 


Ex. 19 


1/1 V 


3.25/0.325 


68 


25 


7 




110 


37 


10 10 


Ex. 20 


1/IV 


3.25/0.325 


70 


20 






no 


37 


IS 15 


Ex.21 


1/IV 


3.25/0.325 


100 








170 


80 


40 30 


Com. 7 


I/IV 


3.25/0.325 


45 


40 


15 




110 


37 


20 20 


Ex. 22 


1/IV 


3.25/0.325 


45 


40 


15 




140 


60 


25 20 


Ex. 23 


II/IV 


1.75/0.175 


100 








180 


95 


45 40 


Ex. 24 


IJ1/IV 


2.65/0.265 


100 








250 


165 


90 80 


Ex. 25 


I/IV 


3.25/0.325 


75 




5 20 




105 


30 


0 0 


Ex. 26 


1/IV 


3.25/0.325 


75 




5 20 




110 


35 


3 3 


Ex. 27 


I/TV 


3.25AU25 


75 




5 


20 


no 


35 


3 3 


Ex. 28 


I/IV 


3.25/0.325 


75 




5 


20 


110 


35 


3 3 


Ex. 29 


II/IV 


3.25/0.325 


82 


13 


5 




110 


37 


5 5 
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TABLE 3B 









Modu- 


Re- 








1/X 


1/X 


lation 


flec- 








(njd, - 




degree 


tance 


Push-pull 






nrfAtg) 


(9c) 




Pit 


Groove 


Ex. M 


0.20 


0.06 


78 


75 


0.07 


0.08 


Ex. 15 


0,19 


0.03 


75 


81 


0.08 


0.05 


Ex. 16 


0.22 


0.06 


81 


72 


0.05 


0.09 


Ex. 17 


0.16 


0.06 


63 


75 


0.11 


0.08 


Ex. 18 


0.20 


0.08 


78 


64 


0.07 


0.11 


Com. 5 


0.33 


0.14 




32 


-0.10 


0.12 


Com. 6 


0.14 


0.01 


53 


84 


0.12 


0.02 


Ex. 19 


0.19 


0.04 


72 


80 


0.09 


0.06 


Ex. 20 


0.17 


0.02 


65 


84 


0.11 


0.03 


Ex.21 


0.20 


0.05 


77 


75 


0.07 


0.08 


Com. 7 


0.15 


0.00 


56 




0.12 


0.00 


Ex. 22 


0.19 


0.05 


75 


77 


0.08 


0.07 


Ex. 23 


0.20 


0.04 


76 


74 


0.08 


0.07 


Ex. 24 


0.19 


0.06 


75 


79 


0.08 


0.08 


Ex. 25 


0.21 


0.06 


80 


73 


0.06 


0.09 


Ex. 26 


0.21 


0.06 


80 


78 


0.06 


0.09 


Ex. 27 


0.21 


0.06 


80 


78 


0.06* 


009 


Ex. 28 


0.21 


0.06 


80 


78 


0.06 


0.09 


Ex. 29 


0.20 


0.05 


78 


72 


0.07 


0.08 
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a: 2.2.3.3-leiranuoropropanoJ 
b: ethyl cellovolve 
c: tetnchloroethanr 

d: propylene glycol monoethyl ether 45 
e: diisobutyl ketone 
' f: eihylcaprilate 
g: i-pentanol 

As is apparent from the above result, the information 
recording media (C) satisfying the specific relationships 50 
between the depth on the prepit and its thickness of the 
dye layer, and between the depth on the pregroove and 
its thickness of the dye layer, exhibit a high modulation 
degree and reflectance and an excellent tracking prop- 
erty. 55 

Subsequently, examples 30-33 according to the pres- 
ent invention, particularly to the information record ing 
medium (D) of embodiment thereof are given below. 

EXAMPLE 30 „ 

oO 

A disc-shaped polycarbonate substrate (outer diame- 
ter: 120 mm, inner diameter: 15 mm, thickness: 1.2 mm) 
having a prepit area (half width: 0.6 ^tm, depth: 120 nm) 
having been recorded with EFM signal within the re- 
gion of from 46 mm to 70 mm in diameter and within 65 
the region of from 1 16 mm to 1 18 mm in diameter, and 
having a pregroove area (half width: 0.45 u.m, depth: 45 
nm) within the region of from 42 mm to 46 mm in diam- 



eter and within region of from 70 mm to 116 mm in 
diameter was prepared. 

Separately, a dye (I) having the following formula 
was dissolved in propylene glycol monoethyl ether to 
prepare a dye solution containing 2.4 wt. % of the dye 



Dye (I) 




n-C<H9 CIO4- n-C4H 9 



Thus obtained dye solution had a concentration limit 
of 80% at 23* C. 

The dye solution was kept at 23° C, and the dye 
solution was coated over the above-mentioned substrate 
having a temperature of 23* C. by means of spin coating 
under the rotation of the substrate at 200 r.p.m. for 4 
seconds. Then, the coated layer of the solution on the 
substrate was dried under the rotation of the substrate at 
700 r.p.m. for 30 seconds, to form a dye layer on the 
substrate. The optical film-thickness of the dye layer on 
the bottom portion of the prepit was 360 nm, and the 
optical thickness thereof on the portion between prepits 
was 320 nm. 

On the dye layer was formed a reflecting layer made 
of Au having a thickness of 100 nm by means of DC 
sputtering of Au under the conditions of an electric 
power of 480 W, a target-substrate distance of 95 mm, a 
gas pressure of 2 Pa and a rate of 2 nm/sec. 

Then, on the reflecting layer was coated a UV-cura- 
ble resin (trade name: 3070, available from Three Bqnd 
Co., Ltd.) by means of spin coating at 1,500 r.p.m., to 
form a protective layer having a thickness of 2 fim on 
the reflecting layer. 

Thus, an information recording medium consisting of 
a substrate, a dye recording layer, a reflecting layer and 
a protective layer was prepared. 

The obtained information recording medium was 
evaluated by the following evaluation methods. As a 
result, the modulation degree of the prepit area was 
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68%, the reflectance of the prepit area was 84%, and 
the modulation degree of the pregroove area was 64%. 

Further, signal existing all over the area of the infor- 
mation recording medium was capable of being repro- 
duced by commercially available reproducing machines 
such as a CD-ROM player. 

EVALUATION OF INFORMATION 
RECORDING MEDIUM 

Signal was recorded on the bottom portion of the 
pregroove of the information recording medium ob- 
tained in the above using a disc-evaluation device (NA: 
0.5, laser wavelength: 780 nm) and EFM encoder 
(KEN- WOOD) under the conditions of a laser power 
for recording signal (recording power) of 6 mW and a 
fixed linear speed of 1.3 m/sec. 

1) Thickness of the dye layer on the bottom portion 
of the prepit and on the portion between prepits 

An absolute thickness of the dye layer was measured 
through observation of a section of the recording me- 
dium using an electron microscope of ultra-high resolu- 
tion (S900, produced by Hitachi, Ltd.). 

2) Modulation degree of the prepit area 

A direct current reproduced signal (signal intensity) 
having a recording length of 1 IT out of the recorded 
CD format signal was measured in the signal portion 
and the mirror portion (i.e., non-signal portion), and the 
modulation degree (C) of the reproduced signal was 
determined from the maximum intensity and the mini- 
mum intensity of the reproducing signal by the follow- 
ing formula: 
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EXAMPLE 32 



10 



15 



20 



25 



30 



SH- SL 
SH 



X 100 



35 



wherein SH is a maximum intensity of the signal, and 
SL is a minimum intensity of the signal. 
3) Reflectance of the prepit area 



The procedures of Example 30 were repeated except 
for using the same disc-shaped polycarbonate substrate 
as that of Example 34 except that the prepit area was 
formed within the region of from 50 mm to 70 mm in 
diameter and the pregroove area was formed within the 
region of from 46 to 70 mm in diameter (i.e., region 
wherein control information of the area of 70*118 mm 
in diameter is to be additionally recorded) and within 
the region of from 70 mm to 118 mm, to prepare an 
information recording medium. 

In the obtained information recording medium, a 
modulation degree of the prepit area, a reflectance of 
the prepit area and a modulation degree of the pre- 
groove area were the same as those of the information 
recording medium obtained in Example 30. 

Also, signal existing all over the area of the informa- 
tion recording medium was capable of being repro- 
duced by commercially available reproducing machines 
such as a CD-ROM player. 

EXAMPLE 33 

The procedures of Example 30 were repeated except 
for using the same disc-shaped polycarbonate substrate 
as that of Example 30 except that the prepit area was 
formed within the region of from 46 mm to 118 mm in 
diameter and the pregroove area was formed within the 
region of from 44 to 46 mm in diameter, to prepare an 
information recording medium (a). 

Further, the procedures of Example 30 were repeated 
except for using the same disc-shaped polycarbonate . 
substrate as that of Example 30 except that the pre- 
groove area was formed within the region of from 46 to 
1 1 8 mm in diameter, to prepare an information record- 
ing medium (b). 

In each of the obtained information recording media 
(a) and (b), a modulation degree of the prepit area, a 



The value of SH in the above evaluation method 2) 40 reflectance of the prepit area and a modulation degree 

of the pregroove portion were the same as those of the 
information recording medium obtained in Example 30. 

Also in each case, signal existing all over the area of 
the information recording medium was capable of being 
reproduced by commercially available reproducing 
machines such as a CD-ROM player. 

The information recorded on the prepit area of the 
information recording medium (a) was copied onto the 
pregroove area of the information recording medium 
50 (b) using a reproducing and copying machine capable of 
copying from digital to digital. In the stage of reproduc- 
ing the information from the information recording 
medium (a), a system was incorporated into the machine 
such a manner that the information was able to be cop- 
55 ied by means of a digital-to-digital copy. After copy of 
the information was permitted, the medium was de- 
signed such a manner that signal of 3T were recorded 
on the area of 45 mm in diameter, and then copy of 
information was started. As a result, any other copy 
60 from the information recording medium (a) was impos- 
sible. 

Wc claim: 

I. An information recording medium comprising a 
disc-shaped substrate provided with a prepit area con- 
taining prepits and a pregroove area containing a pre- 
groove, and a reflecting layer made of a metal which is 
provided on a dye layer, wherein the dye layer is a 
continuous layer formed on both the prepit area and the 



was compared with that of an information recording 
medium having known reflectance, and then subjected 
to calibration. 
4) Modulation degree of the pregroove portion 
The signal reproduced from the area recorded with 45 
information was subjected to the same evaluation 
method as the above evaluation method 2), to measure 
the modulation degree of the reproduced signal on the 
pregroove area. 

EXAMPLE 31 

The procedures of Example 30 were repeated except 
for using the same disc-shaped polycarbonate substrate 
as that of Example 34 except that the prepit area was 
formed within the region of from 46 mm to 70 mm in 
diameter and the pregroove are was formed within the 
region of from 70 to 116 mm in diameter, to prepare an 
information recording medium. 

In the obtained information recording medium, a 
modulation degree of the prepit area, a reflectance of 
the prepit area and a modulation degree of the pre- 
groove area were the same as those of the information 
recording medium obtained in Example 30. 

Also, signal existing all over the area of the informa- 
tion recording medium was capable of being repro- 
duced by commercially available reproducing machines 
such as a CD-ROM player. 
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each of the prepits and thickness of the dye layer in the 
prepit area satisfies the following formula (I): 



(I) 



and the relationship between a depth of the pregroove 
and thickness of the dye layer in the pregroove area 
satisfies the following formula (II): 



O.O2A£njd,-njAt,£0.O8X 



(H) 



pregroove area, and the prepit area has a modulation 
degree not less than 50%. 

2. The information recording medium as claimed in 
claim 1, wherein difference between an optical thick- 
ness of the dye layer on the bottom portion of each of 5 
the prepits and that of the dye layer on the portion 
between the adjoining prepits is not more than X/8, X 
being a wavelength of a reproducing laser beam. 

3. The information recording medium as claimed in 
claim 1, wherein each of the prepits has a half width of 10 
0.2 to 1.4 pirn and a depth of 150 to 400 nm, and the total 
optical path of an optical path of the substrate and that 
of the dye layer on the bottom portion of each of the 

prepits is longer than the total optical path of an optical . r 

path of the substrate and that of the dye layer on the 15 difference between thickness of ^7d7elaye7on the 
portion between the adjoining prepits by not less than bottom portion of each of the prepits and that of the dye 
A/8, Abemg a wavelength of a reproducing laser beam. layer on the portion between the adjoining prepits. d, 

4. The information recording medium as claimed in represents a depth of the pregroove, At £ represents 
claim 1. wherein difference between an optical thick- difference between thickness of the dye layer on the 
ness of the dye layer on the bottom portion of the pre- 20 bottom portion of the pregroove and that of the dye 
S^^^u^ d r ,"5!f ° n a la ? d ~ a land portion,^ represents a £J2J2 



in which ^represents a refractive index of the substrate, 
lid represents a refractive index of the dye layer, d^ 
represents a depth of each of the prepits, t\ p represents 



thereof is not more than X/8, X being a wavelength of a 
reproducing laser beam. 

5. The information recording medium as claimed in 
claim 1, wherein each of the prepits has a half width of 25 
0.2 to 1.4 jim and a depth of 150 to 400 nm; the pre- 
groove has a half width of 0.2 to 1.4 u.m and a depth of 
70 to 200 nm; the depth of each of the prepits is larger 
than the depth of the pregroove by not less than \/8 (X 
is a wavelength of a reproducing laser beam) in terms of 30 
optical path; and the total optical path of an optical path 
of the substrate and that of the dye layer on the bottom 
portion of each of the prepits is longer than the total 
optical path of an optical path of the substrate and that 
of the dye layer on the portion between the adjoining 35 
prepits by not less than X/8 (X is the same as defined 
above). 

6. The information recording medium as claimed in 
claim 1, wherein the prepit area is divided into two 
areas which are arranged in both sides of the pregroove 40 
area. 

7. The information recording medium as claimed in 
claim 1, wherein the pregroove area is divided into two 
areas which are arranged in both sides of the prepit 
area. 

8. The. information recording medium as claimed in 
claim 1, wherein the prepit area and the pregroove area 
both are divided into two more areas, respectively, and 
the divided prepit areas and pregroove areas are ar- 
ranged in side by side. 

9. The information recording medium as claimed in 
claim 1, wherein the relationship between a depth of 



represents a wavelength 

of a reproducing laser beam. 

10. A process for the preparation of an information 
recording medium comprising the steps of: 

coating a substrate provided with a prepit area con- 
taining prepits and a pregroove area containing a 
pregroove with a dye solution having a concentra- 
tion limit of 99 to 20% prepared by dissolving a dye 
in a solvent by means of spin coating, the concen- 
tration limit being defined as a ratio of a volume of 
a dye suspension when the dye of the dye solution 
starts to precipitate through evaporation of the 
solvent from the dye solution at the coating tem- 
perature to an initial volume of the dye solution; 
drying the coated layer to form a dye layer in which 
a difference between an optical thickness of the dye 
layer on the bottom portion of the prepit and that 
of the dye layer on the area between the adjoining 
prepits is not more than X/8 when the substrate is 
provided with the prepits, X being a wavelength of 
a reproducing laser beam; and 
then providing a reflecting layer made of a metal on 
the dye layer. 

11. The process for the preparation of an information 
recording medium as claimed in claim 10, wherein the 
dye layer is provided such a manner that difference 
between an optical thickness of the dye layer on the 
bottom portion of the pregroove and that of the dye 

50 layer on a land portion is not more than X/8, X being a 
wavelength of a reproducing laser beam. 

***** 
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